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'Always plan ahead. 
It wasn't raining when Noah built the ark.' 





Sea level rise is one of the most significant long term challenges of the 21st Century, with 
predictions ranging from a 0.09 to 2m rise in sea level by 2100. Approximately 23% of the 
world's population lives within coastal areas (Nicholls and Mimura, 1998) and all whom will 
be potentially affected. For low lying coastal communities such as South Dunedin, New 
Zealand, a planned adaptation response is vital to reduce the risk to people and infrastructure. 
The risk assessment process outlined by the New Zealand Ministry for the Environment was 
applied to South Dunedin to establish the extent and level or risk from sea level rise. Through 
integrating the GIS methodology developed by Lindley et al. (2006) into the risk assessment 
process, the spatial distribution of risk could be evaluated, also providing an indication of the 
spatial distribution of potential adaptation responses. The risk assessment showed that 
approximately 33% of the South Dunedin study area is at extreme to high risk of sea level 
rise by 2050, with this value rising to approximately 48% by 2090. This result does not 
include the compounding effects of storm surges or precipitation and makes the assumption 
that the St Clair / St Kilda sand dunes which currently protect South Dunedin from the ocean 
are breached. 
South Dunedin is home to some of the highest density living within Dunedin City and 
contains some of City's most vital lifeline infrastructure. Additionally, parts of the research 
area are amongst the most socially deprived within New Zealand. Due to the large amount of 
assets and infrastructure and the vulnerability of the people that reside in the area, it is 
recommended that the local authorities of Dunedin City develop adaptation responses in the 
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"Indeed, while the effects of climate change on coastal hazards will create substantial 
hazard management challenges, perhaps a more significant challenge is managing the 
escalating human dimension of the problem." (Ramsay, 2006: 143) 
It was estimated in 1990 that 1.2 billion or 23% of the world's population live in coastal areas 
(Nicholls and Mimura, 1998). Of those, approximately 200 million live in coastal flood 
plains, or areas below the 1 in 1000 year storm surge mark (Nicholls and Lowe, 2006). Over 
time, low lying coastal margins are becoming increasingly populated, with economic growth 
encouraging the development of infrastructure to progressively encroach into these vulnerable 
areas (Ramsay, 2006; Smith, 2001). As a result of greenhouse gas emissions over the last two 
centuries, coastal margins and the settlements within them are becoming increasingly 
threatened by the possibility of both temporary and permanent inundation from the sea. 
In response to the warming of the Earth's atmosphere, sea level has been estimated to have 
risen between l-2mm per year since the beginning of the 20th century (Lowe et al., 2006; 
Neumann et al., 2001). However, the continued release of greenhouse gases over the last 
century has seen this rate significantly increase since 1993 to 3.1mm per year (IPCC, 2007a). 
Sea level is rising due to the melting of the land based ice and, gradual warming of ocean 
temperatures is causing thermal expansion and increasing sea level further. Even if 
greenhouse gas emissions were completely stopped tomorrow, due to the thermal lag of the 
ocean to respond to changes in surface temperature, the world is 'committed' to rising sea 
levels for at least another century. 
There is a large amount of uncertainty surrounding how far sea level will rise in the future, 
although there is a high level of agreement that it will continue to rise, with estimates ranging 
1 
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from 0.09m to over 2m by 2100 (Bird, 1993; Diez et al., 2007; 2007; IPCC, 2007a; Lowe et 
al., 2006; Nicholls, 1995; Nicholls and Lowe, 2006; Nicholls and Mimura, 1998; NZCCP and 
NZ MoE, 2001; Smith, 2001). A rise in sea level by such proportions could cause temporary 
or permanent inundation of low lying coastal areas; an increase in coastal erosion; the inland 
migration or complete loss of coastal wetlands, estuaries and the associated flora and fauna; 
and the potential salinisation of groundwater and coastal aquifers. 
1.1 Research Context 
New Zealand has approximately 18 000km of coastline (Bell et al., 2001), in which four out 
of five of the country's largest cities are located. The vulnerability of each city to sea level 
rise varies greatly as a direct consequence of the local differences in elevation and the coastal 
processes occurring at a given location. Under current climate change predictions, New 
Zealand is expected to experience not only an increase in sea level but also a change in the 
physical drivers that shape the coastal margins, such as winds, waves, storms, sediment 
supply and sea temperatures (Bell et al., 2001). 
New Zealand is anticipated to experience an increase in westerly winds (MfE, 2008a), 
particularly in the South Island during the winter months of the year. An increase in wind 
strength and patterns has the ability to change the wave climate around New Zealand (MfE, 
2008b). Strong winds amplify the magnitude of waves, increasing the quantity of energy to be 
released as the waves break (Bigg, 2003). An increase in wind strength and consequently 
wave strength, may accelerate the rate of erosion and inundation of beaches and cliffs. 
Closely associated with these winds will be a change in New Zealand's storm patterns. An 
increased number of strong cyclonic events or storms are expected around New Zealand 
(MfE, 2008b ). Winds can be expected to strengthen during storm events, once again 
strengthening the power of waves. Additionally, during storm events, sea level rises slightly 
due to the effect of low atmospheric pressure on the ocean (Christopherson, 2006). A 
combination of sea level rise ( due to ice melt and thermal expansion) and storm surges will 
allow flood water to penetrate further inland during storm events, increasing the severity of 
risk for any infrastructure, people or wildlife that live within low lying areas of the coast. 
Under the highest emission scenario produced by the IPCC, a 1 in 100 year surge is predicted 
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to become a 1 in 3 year surge (King, 2004), further emphasising the future vulnerability of 
low lying coastal margins. 
The potential for erosion becomes even greater due to the predicted change in sediment 
supply. The effect that climate change will have on sediment supply is unknown. Large 
quantities of sediment originate from rivers. A change in the behaviour of rivers, primarily 
due to changes in precipitation, will influence the supply of sediment to the coast. Exactly 
how sediment supply will change is specific to a location, with the change in supply 
potentially increasing the rate of erosion or accretion on the coast (Ramsay, 2006). 
1.2 Research Problem 
Due to the popularity of living near the coast, structures such as housing and businesses, and 
infrastructure such as waste water or roading (which service the houses and businesses) are 
often located in low lying coastal areas. For an individual, owning a home or a business is 
often one of the greatest expenses in their life. For a council, providing the infrastructure to 
service those houses and businesses is, comparatively, also very expensive, with the ongoing 
functioning of the infrastructure being vital for the everyday operation of the community or 
greater city. Any structures or infrastructure which are located within particularly low lying 
coastal areas are at risk of being permanently lost or significantly damaged as a result of sea 
level rise. Losing vital infrastructure such as water treatment plants or waste water pipes for 
example would affect the entire functioning of a city or community, as well as having 
detrimental environmental effects in the case of waste water. 
To reduce the damage and the costs of sea level rise to coastal communities, a proactive 
planning approach is required. In the city of Dunedin, both the Dunedin City and Otago 
Regional Councils are beginning to lead by example when designing new council-led 
projects. For example, a recent roading upgrade along the inner harbour was specifically 
designed to allow the road to be raised as a sea level rises. However, considering such issues 
has yet to penetrate into all levels of architecture, engineering and planning with more 
emphasis being placed on new projects in vulnerable areas rather than on old areas with 
existing infrastructure. While retro fitting existing areas to make them resilient to sea level 
rise will be difficult and expensive, the alternative is the catastrophic loss of some of the city's 
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historic icons, character and more importantly, the basic infrastructure the city requires for its 
everyday functioning. 
If a 'business as usual' approach is taken to address coastal inundation, Dunedin as a city has 
a lot to lose. Being a coastal city, much of the population live adjacent to or within close 
proximity of the ocean. On a personal level there is the potential for individuals to lose their 
homes, belongings and possibly even work as a result of inundation. On a city wide scale, 
much of the fundamental infrastructure required for everyday living such as sewage pipes, gas 
pipes, telecommunication cables, storm water drains and in some instances, electricity, are all 
located underground. In low lying areas, this infrastructure may be severely damaged if the 
water table rises or if exposed to the elements due to erosion. The cost of losing such 
infrastructure, both economically and socially, are too great to ignore. 
South Dunedin is in a particularly vulnerable situation. Once a coastal dune system and 
marshland, the area was reclaimed by the early settlers of Dunedin. Now the area is home to 
nearly 11 500 residents, a large number of businesses, as well as some of the city's most vital 
infrastructure. As much of the area currently lies below or at sea level (see Figure 1.1), if sea 
level were to rise by a mid range estimate of approximately 0.5m by the end of the century, a 
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Figure 1.1: Digital elevation model showing elevation of South Dunedin. 
1.3 Aims and Objectives 
The primary aim of this research is to assess the potential consequences of sea level rise on 
South Dunedin and identify potential adaptation responses. This research will focus primarily 
on the anthropocentric vulnerability of South Dunedin, the risk to its residents and 
infrastructure, and various techniques to address these risks. In order to achieve this aim, the 
following research objectives will be addressed: 
Objective 1: To identify the various climate change scenarios and evaluate the 
likelihood of sea level rise under each scenario 
Objective 2: To assess the spatial distribution of vulnerability in South Dunedin. 
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Objective 3: To assess the spatial distribution of risk to South Dunedin under a 
range of sea level rise scenarios. 
Objective 4: To review techniques or methods which could be employed to avoid 
or remedy the consequences sea level rise in South Dunedin. 
1.5 Research Structure 
Chapter One has introduced the relevance of the research topic and outlined the aims and 
objectives of the report. Chapter Two is comprised of a review of the literature surrounding 
sea level rise, including the process of sea level rise, its implications for low-lying coastal 
areas and the methods commonly used to address any adverse effects sea level rise might 
cause. The review then continues, exploring potential techniques to assess the vulnerability 
and risk of low lying communities, followed by a discussion on how adaption can reduce the 
potential impacts of sea level rise. Continuing with developing the relevance of the research, 
Chapter Three provides background information on South Dunedin and the local, national and 
international context of the issue. 
The research methodology is developed in Chapter 4. Further expanding on assessments 
explored within the literature review, the methodology discusses why a risk assessment was 
selected over a vulnerability assessment, and outlines in detail how the risk assessment was 
performed. The research limitations are also discussed within this chapter. 
The remainder of the research is structured based on the three main steps of the risk 
assessment. Chapter 5 discusses how the climatic, social and economic scenarios were 
developed for the risk assessment process. Using these scenarios, the risk of South Dunedin to 
sea level rise was analysed and evaluated within Chapter 6, with Chapter 7 discussing 
potential methods which could be used in order to reduce the level of risk identified within 
Chapter 6. 
To conclude the study, Chapter 8 provides a summary of the research findings and discusses 
areas where further research would be beneficial to understand the impact that sea level rise 





The following chapter provides the theoretical context within which this research is based. 
The first section develops the planning context of climate change and introduces the dominant 
information source on climate change - the Intergovernmental Planning for Climate Change 
(IPCC). Next, an in depth exploration of the process of climate change and more specifically, 
sea level rise, is developed, acknowledging the discrepancies in climate change predictions 
and the main debates that surround them. To complete the climate change context, a critical 
review of common responses to sea level rise and/or coastal hazards is provided. Techniques 
to identify areas which are susceptible to sea level rise impacts are then discussed. 
From Sections 2.4 to 2.6, the chapter explores various approaches which can be used to 
identify areas that are most threatened by the effects of sea level rise. To begin, the 
vulnerability and vulnerability assessments are explored, followed by discussions of the 
concepts risk and adaptation. 
2.1 Climate Change: A Planning Issue 
The traditional role of planners is quickly evolving from the narrow minded 'land use 
planning' to a broader role which integrates land uses with wider social, cultural, 
environmental and economic forces (Freeman, 2004). Planning is responsive to social needs, 
therefore, is constantly evolving to meet changes in international, national or local 
circumstances (Freeman, 2004; Roberts, 2002). In the coming decades, a significant change in 
society's needs is anticipated. Global warming has been described as the greatest long term 
challenge facing the international community (Hodgson, 2006). Planning responses to 
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mitigate and adapt to global warming will have to evolve rapidly to ensure potential impacts 
are minimised. 
Managing this escalating risk of climate change over the coming century presents a significant 
challenge for planning authorities in New Zealand (MfE, 2008b ). The impact of climate 
change on local authorities will differ due to spatial variations in local topography and 
meteorology. In relation to sea level rise, there is potential for a significant loss of 
infrastructure and assets, both public and private. How to reduce the losses is a vital question 
that planners will have to address in order to prepare for sea level rise. Loss may be 
unavoidable, raising questions such as how much loss is acceptable, and whose rights will 
take precedence, those of private property owners or the greater good of the community? The 
complex nature of sea level rise, and the social, economic and environmental factors which 
surround it, present local planning authorities with the daunting challenge of developing 
strategies to minimise its impacts on coastal communities in the face of significant 
uncertainties as to the nature and level of impact. 
fl.1.1 The IPCC 
The IPCC was first established in 1988 by the World Meteorological Organisation (WMO) 
and by the United Nations Environment Programme (UNEP). The WMO and the UNEP 
recognised that there was a need for an international group or panel to provide an objective 
source of information relating to the international issue of climate change (IPCC, 2004). The 
IPCC was formed to provide this information, with membership to t]le panel being open to all 
members of the WMO and the UNEP (IPCC, 2004). 
The role of the IPCC is not to conduct research, nor to monitor climate related data. Instead, 
its role is to provide an objective overview of the latest scientific, technical and socio-
economic literature relevant to understanding the scientific basis of risk of human-induced 
climate change, its potential impacts, and options for adaptation and mitigation (IPCC, 2004). 
This approach contributes to the IPCC's perceived dominance in providing climate change 
related information. 
Any reports released by the IPCC are of a high scientific and technical standard and reflect a 
consensus of views which exist within the scientific community (IPCC, 2004). This is ensured 
8 
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by seeking contributions from experts in range of disciplines, from all regions of the world. 
The IPCC also do not try to hide any uncertainty in their findings. They clearly highlight the 
limitations of their reports and any assumptions that led to their conclusions. Finally, not only 
are all IPCC reports written by experts from around the world, all reports are subject to a 
rigorous review process completed by experts and government officials. 
The dominance of the IPCC is likely to remain in the immediate future. On December 10, 
2007, the IPCC were jointly awarded the Nobel Peace Prize for "their efforts to build up and 
disseminate greater knowledge about man-made climate change and to lay the foundations 
for the measures that are needed to counteract such change" (Nobelprize, 2008). While the 
IPCC were already world leaders in providing climate change related information prior to 
receiving the Nobel Peace Prize, the media attention which followed placed the IPCC in the 
public eye, raising their profile with the greater public. 
Although the main disseminators of climate change information, this report does not solely 
rely upon the IPCC. To reduce potential bias, a variety of sources are used to explain the 
process of climate change and any future climate projections in the following sections. 
2.2 Understanding Climate Change 
The process of climate change is complex and involves many driving factors which, when 
working in unison cause a wide range of impacts both at a global and local scale. The 
following section aims to outline the process of climate change, the associated sea level rise 
and the impacts it will cause. 
fJ.fJ.1 The Greenhouse Effect 
Earth's climate is a complex system fundamentally driven by the interaction of the sun with 
the Earth's atmosphere and oceans. The sun releases solar energy in the form of shortwave 
radiation towards the Earth. Upon reaching the Earth's atmosphere, approximately one third 
of the radiation is reflected back towards space (IPCC, 2007 a) with the remaining radiation 
penetrating into the atmosphere. On route to the Earth's surface, the shortwave radiation is 
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Highly reflective features on the Earth's surface also encourage the shortwave radiation to be 
reflected. Fresh show and clean ice, along with water bodies such as oceans and lakes, have 
high reflective properties. These features cause the shortwave radiation to be reflected back 
into the atmosphere. The radiation which does reach the Earth's surface is absorbed, which in 
tum heats the Earth's surface. This heat is later emitted by the Earth and is directed back 
towards space, ideally balancing the amount of energy entering and leaving the Earth's 
atmosphere (IPCC, 2007a) . 
About a.If the solar radiation 
is absorbed by the Earth 's 
SJJ rface and warms it . EARTH 
Figure 2.1: The Greenhouse Effect (JPCC, 2007a) 
The Earth has a natural greenhouse effect which interrupts the atmosphere-energy balance 
equilibrium. Naturally occurring gases such as water vapour, carbon dioxide (CO2), methane 
(CH4) and nitrogen oxides (NOx), also known as greenhouse gases, gather in the lower 
atmosphere to create a thin sheet of gases (Bosselmann et al., 2002) which behave in a similar 
manner to a glasshouse. These gases, along with clouds, absorb the infrared or longwave 
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heat to space (Smit, 1991). The delay causes a warming effect to both the lower atmosphere 
and the Earth's surface temperature, a process known as the natural greenhouse effect. 
Historical temperature records suggest that human activities are contributing to an increase in 
the Earth's global mean temperature. Since the beginning of the instrumental temperature 
record in 1850, average global temperature has shown significant signs of increase (Figure 
2.2), with eleven of the past twelve years (1995 - 2006) ranking among the warmest years 
since the record began (IPCC, 2007a). Anthropogenic activities such as fossil fuel burning, 
land use changes and the use of halocarbons are amplifying the Earth's natural greenhouse 
effect (Christopherson, 2006; Bosselmann et al., 2002; IPCCb, 2007; Nicholls and Lowe, 
2006; Nicholls and Mimura, 1998; Schnellnhuber et al., 2006; Warrick et al., 1993; Wigley, 
2001) . 



































Figure 2.2: Relationship between global average temperature and sea level rise (/PCC, 2007b). 
The anthropogenic influence on the greenhouse effect becomes apparent when analysing 
greenhouse gas concentrations over the past 2000 years (Figure 2.3). Ice core records from 
Antarctica indicate that prior to the start of the industrial revolution in the late 1 ih century, 
CO2, one of the most abundant greenhouse gases, was found in the atmosphere in 







Chapter 2: Literature Review 
increased since the 17th century to 370ppm in the late 1990s (Bosselmann et al., 2002; IPCC; 
2007b; Wigley, 2005). Concentrations of CI4 and N20 have also been found to increase 
significantly (as depicted in Figure 2.3), with N20 rising from pre industrial values of 270ppm 
to 310ppm and CH4 more than doubling since the industrial revolution from approximately 
700 parts per billion (ppb) to 1700ppb (IPCC, 2007b; Wigley, 2001). The beginning of the 
industrial revolution and the almost instantaneous increase of greenhouse gas concentrations 
in the atmosphere suggests a strong correlation exists between these two factors. The large 
scale release of gases from the industrial revolution and the continued (and increasing) release 
of greenhouse gases from more contemporary anthropogenic activities provide the most likely 
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Figure 2.3: Carbon dioxide, methane and nitrogen oxide concentrations from the past 2000 years (JPCC, 
2007b). 
Human influences are anticipated to continue to enhance the greenhouse effect throughout the 
21st century (Bosselmann et al., 2002). A single molecule of CI4 in the atmosphere has a life 
span of approximately a decade, while a single molecule of CO2 which can remain in the 
atmosphere for in excess of a century (Henson, 2006). Even if anthropogenic greenhouse gas 
emissions were brought to a standstill tomorrow, further warming of approximately 0.1 °C per 
decade (IPCC, 2007b) would be expected as a result of the lifespan of the greenhouse gases. 
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continue to progress (Figure 2.4) under all of the IPCC's emission scenarios. These scenarios 
will be explained further in section 2.2.2 and Chapter 5. 
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Figure 2.4: Predicted global temperature increases under the IPCC (2007b) emission scenarios. 
fl.fl.fl Sea Level Rise 
In response to surface warming generated by the human induced greenhouse effect, sea level 
has been estimated to have risen between l -2mm per year since the beginning of the 201h 
Century (Lowe, et al., 2006; Neumann, et al., 2001). Increasing surface temperatures 
accelerate the rate of which land based ice such as snow, glaciers and ice sheets melt, directly 
causing an increase in sea level. The thermal lag of the ocean to respond to changes in surf ace 
temperatures means that even if emissions were fixed on today's current levels and rising 
surface temperatures halted, sea level would long continue to rise for at least another century. 
This lag is referred to by many as the 'climate commitment' or 'commitment to sea level rise' 
(Henson, 2006; Nicholls and Lowe, 2006; Nicholls and Mimura, 1998). 
There is much debate surrounding the 'climate commitment' and the extent to which sea level 
will rise to in the future. Using ice core records to indicate previous rates of sea level rise, the 
IPCC (2007b) have noted that the present day rate of increase has risen dramatically over the 
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Neumann et al. (2001) believes that this rate may increase even further to approximately 5mm 
per year. Due to the limited understanding of some of the factors which are highly influential 
in driving sea level rise (such as the climate carbon feedback cycle or the behaviour of ice 
sheets) (IPCC, 2007b), determining the likelihood of a particular sea level rise estimate 
occurring becomes difficult due to the large amount of uncertainty. 
Prior to the release of the IPCC Fourth Assessment Report 2007, the most commonly quoted 
estimate for sea level rise was between 0.09 to 0.88m by the year 2100, with a most likely rise 
of 0.48m (Table 2.1). The recently released Fourth Assessment Report (IPCC, 2007a), in light 
of new and more reliable evidence, has reviewed their estimates, with the extent of sea level 
rise now varying based on six emission scenarios (Table 2.2 and discussed in detail in section 
5). Under the best case scenario, the IPCC now believe sea level will rise between 0.18 to 
0.38m and under worst case emissions scenarios, it is anticipated to rise between 0.26 and 
0.59m by 2090 to 2099 (IPCC, 2007b ). 
Table 2.1: Future sea level rise estimates. 
Best Estimate Range To (year) Author 
-
0.48m 0.15 - l.50m 2100 Diez, et al. (2007) 
0.48m 0.09-0.88m 2100 IPCC (2007b) 
0.09-0.88m 2100 Lowe et al. (2006) 
0.50m 0.20 - 0.90m 2100 Nicholls (1995) 
0.09- 0.88m 2100 Nicholls and Lowe (2006) 
0.16 - 1.2m 2100 Smith (2001) 
Table 2.2: Temperature and Sea Level Rise predictions under each of the JPCC (2007a) emission scenarios. 
Constant year 2000 0.6 
concentration 
Bl scenario 1.8 
AlT scenario 2.4 
B2 scenario 2.4 
AlB scenario 2.8 
A2 scenario 3.4 
AlFI scenario 4.0 
0.3 - 0.9 
1.1 - 2.9 
1.4 - 3.8 
1.4 - 3.8 
1.7 - 4.4 
2.0-5.4 
2.4 - 6.4 
14 
Model-based range (excluding future 
ra id d namical chan es in ice flow) 
Not Available 
0.18 - 0.38 
0.20- 0.45 
0.20-0.43 
0.21 - 0.48 
0.23- 0.51 
0.26 -0.59 
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The future extent of sea level rise depends on a number of factors, with the most prominent 
being our ability to reduce greenhouse gas emissions in the near future. In 2000, the IPCC 
developed a range of emission scenarios which explored a variety of future pathways, 
including a range of demographic, economic and technological scenarios (IPCC, 2000). 
The scenarios are grouped into four 'families' (Al, A2, Bl and B2) each with different 
underlying characteristics. Al scenarios assume a world with more efficient technologies, 
rapid economic growth and a population that peaks mid century and declines thereafter 
(Schneider and Lane, 2006). The Al family is further divided based on their emphasis of 
technology: AlFI, fossil intensive; AlT, non fossil energy; and AlB, a balance across all 
energy sources. In comparison, A2 scenarios describe a world with high population growth, 
slow economic development and slow technological change (IPCC, 2000). In terms of 
population, Bl scenarios are the same as Al, however economic growth centres on service 
and information. B2 describes a world with intermediate population and economic growth, 
emphasising local solutions to economic, social and environmental sustainability (IPCC, 
2007b). 
The IPCC sea level rise projections under these scenarios shown in Table 2.2 include 
contributions to sea level rise from some land-based ice melt and thermal expansion. 
Contributions from the melting of land-based ice are based on levels of melt experienced in 
Greenland and Antarctica from 1993 to 2003 (IPCC, 2007b). However a large amount of 
uncertainty surrounds the true effect that increasing temperatures will have on the most 
significant sized ice sheets in Greenland and Antartica. The threat exists that increasing global 
temperatures may reach a point where they trigger an inrreversable melting of these large ice 
sheets. A temperature increase of 2.7°C, which is predicted by 2099 under scenarios AlB, A2 
and AlFI (Table 2.2), is expected by some to trigger uncontrollable melting (Nicholls and 
Lowe, 2006). Once any land underneath the ice sheets is exposed, melting will further 
accelerate as the dark surface beneath the ice will begin to warm (Crutzen and Golitsyn, 
1992). Any significant contributions to sea level rise over the next century from these two ice 
sheets is unlikely. However, such melting becomes more likely after 2099 if global warming 
fails to slow. Complete melting of the Greenland and West Antarctic Ice Sheets would each 
contribute a 7m (Lowe et al., 2006) and 6m rise in sea level respectively, or 13m in total over 
the next 500 to 1000 years (Nicholls and Lowe, 2006). 
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Sea level rise from thermal expansion is also subject to a large amount of uncertainty. On 
average, sea water expands in volume by 1cm per 1 °C increase in temperature (Bryant, 1997). 
This expansion is referred to as thermal expansion. Research conducted by the United States 
National Oceanic and Atmospheric Administration found that for the period of 1948 to 1998, 
the top 300m of the ocean had warmed globally by approximately 0.3°C (Henson, 2006) in 
response to the warming of the atmosphere. Thermal expansion is accounted for within the 
IPCC sea level projections (Table 2.2), however, localised variations in expansion where 
coastal shelves are shallow and warm need to be considered over and above global 
projections. 
Warrick and Rahman (1992) identify three common factors which influence the local nature 
of sea level; changes in the ocean basin, changes in ground and surface water, and changes in 
meterological conditions. Adding sediment to the ocean floor displaces water, causing an 
increase in sea level. Climate change is predicted to alter the flow patterns of rivers which are 
a key source of coastal sediments. Precipitation is also expected to be altered (IPCC, 2007b ), 
a controlling factor of river patterns and also a source of groundwater and surface water which 
eventually filter into the sea. Finally, local meterological conditions are predicted to be 
exacerbated, potentially increasing wind strength and direction, and intensifying storms 
(Nicholls and Tol, 2006). Accurately projecting sea level rise estimates for the future is 
difficult as all of these elements which contribute to sea level rise or its impacts have a large 
degree of uncertainty surrounding them. The cumulative effect of these uncertainties will only 
be known in the future, once the consequences of climate change are known. It is therefore 
necessary to take a precautionary approach even if the cause and effect relationships are not 
fully established scientifically (Raffensperger et al., 1998), integrating potential sea level rise 
estimates into every element of planning, engineering and design. 
£.£.3 Storm Surges 
Possibly the greatest potential threat to coastal areas is the event of a combination of sea level 
rise and a storm surge. A storm surge is a period of temporary elevated sea level which is 
caused by a combination of strong winds and low atmospheric pressure (Mclnnes et al., 2003; 
NZCCO and MfE, 2004b ). During low pressure systems, sea level rises by O. lm for every fall 
of lOmb in air pressure below the average pressure (1013.2millibars) (Christopherson, 2006; 
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systems) cause water to pile up against the coast (NZCCO and MfE, 2004b). Together, these 
two elements create a storm surge as illustrated in Figure 2.5. The effects of a storm surge are 
most severely felt when a surge coincides with high tide. At present, the upper limit of storm 
surge height above predicted high tide height in New Zealand is just above lm (NZCCO and 
MfE, 2004b ). Storms are anticipated to become more frequent and more intense under current 
climate change predictions (Nicholls and Tol, 2006). A combination of both sea level rise and 







Figure 2.5: Storm surges (amended from NZCCO and MfE, 2004b) 
Areas under the 1 in 1000 year storm mark are defined as being within the coastal floodplain 
(Nicholls, 2002). Under the highest emission scenario produced by the IPCC (scenario AlFl), 
King (2004) predicts that a 1 in 100 year surge is predicted to become a 1 in 3 year surge by 
2100. Due to the uncertainty which surrounds sea level rise, Nicholls (2002) prefers to 
qualitatively describe future return periods, noting that the return period for high water events 
within coastal floodplains will be 'further decreased' in the future. Figure 2.6 shows the 
extent of the 1 in 100 year storm surge for a hypothetical location. As return periods for 
extreme flooding are expected to decrease (Nicholls, 2002), if the 100 year return period 
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significant amount of land lost, and increased risk to any infrastructure, people or wildlife that 
live within the that area. 
H100 , once/ l 000 years 
Hioo once/ l 00 ygars 
H10 once/l O year• 
H, once/years 
Mean Sea Level (MSL) 
~'== 
Figure 2.6: The coastal floodp lain with storm surge levels indicated (derived from Nicholls, 2002). 
fl.fl.4 The Consequences - Sea Level Rise and Storm Surges 
Sea level rise has numerous consequences for low lying coastal areas, the impact of which 
will vary spatially as a result of the different anthropogenic and natural processes occurring 
along the coast. There are four commonly identified impacts that result from sea level rise and 
storm surges. These are increased erosion, inundation and displacement of wetlands and 
estuaries, inundation of low lying coastal areas and salinisation of ground water. 
Erosion 
Either sea level rise or storm surges alone will result in water penetrating further inland than 
at present. A combination of the two will enable water to penetrate even further inland, further 
accelerating the erosion rate (Wind and Peerbolte, 1993). Sea level rise and storm surges are 
not the only elements anticipated to accelerate erosion. The physical drivers that shape the 
coast such as wind, waves and ocean temperatures are expected to be influenced by climate 
change, further attributing to increased erosion (Bell et al., 2001). 
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Under current climate change predictions, New Zealand is anticipated to experience an 
increase in westerly winds, with wind patterns having the ability to alter wave characteristics 
(Ramsay, 2006; Wind and Peerbolte, 1993). Strong winds amplify the magnitude of waves, 
increasing the quantity of energy released as the waves break (Bigg, 2003). Warmer ocean 
temperatures are expected to exacerbate this, as the frequency of tropical cyclones and storms 
are projected to increase, further enhancing the magnitude of the waves. 
Wetlands 
As sea level rises, wetlands and estuaries are forced inland (Schnack, 1993; Wind and 
Peerbolte, 1993). The inundation of sea water becomes beyond the wetland's coping range 
and the ecological systems within the wetland are forced inland to areas of less moisture or 
less salinity. As wetlands and estuaries are low lying, they are particularly vulnerable to even 
the slightest rises in sea level (Nicholls and Mimura, 1998). The development of physical 
protection structures on the boundary of the coast such as sea walls cause 'coastal squeeze' of 
natural systems such as wetlands and estuaries, as physical structures built along the coast to 
protect human infrastructure can impede the wetland' s ability to migrate inland. 
Inundation 
Low lying areas within the coastal floodplain are particularly ~usceptible to both temporary 
and permanent inundation (Neumann et al., 2001; Nicholls and Mimura, 1998; Schnack, 
1993; Wind and Peerbolte, 1993). Nicholls (1995) also noted that a rising water table from the 
increase in mean sea level may also compromise the safety of buildings as the rising water 
table will reduce the strength of the foundations. The human occupation of coastal plains 
exacerbates the impact of coastal inundation, through the potential loss of property, coastal 
habitats, resources, cultural and historical artefacts and the potential damage to coastal 
protection works and essential infrastructure for the daily operation of communities (McLean 
and Tsyban, 2001; Ramsay, 2006). 
Salinisation 
Rising sea level has the potential to lead to the salinisation of groundwater and coastal 
aquifers (Neumann et al., 2001; Nicholls, 1995; Schnack, 1993; Wind and Peerbolte, 1993). 
A landward movement of the saltwater wedge and a rising water table could allow salt water 
19 
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to penetrate into freshwater supplies, potentially causing serious health implications (Nicholls, 
1995). 
Of the impacts that sea level rise will have on low lying coastal areas, none are so great as 
those impacts that occur within urban areas. Of the four most frequently identified impacts, 
accelerated erosion and coastal inundation are of greatest potential threat to South Dunedin. 
£.£.5 Science versus Discourse: Climate Change Debates 
There is a vast array of uncertainty when discussing the future possibilities of climate change, 
however, it is almost unanimous that the Earth's climate is already changing and that 
anthropogenic activities have influenced tJ:iis change to some degree (Henson, 2006). 
However, some sceptics mainly in the public realm believe that global warming issues should 
be ignored until more evidence is available and the 'uncertainty' removed. Uncertainty in the 
public realm of climate change is much different to uncertainty in the scientific realm, as 
uncertainty which arises in the public realm often occurs through accidental or purposeful 
misunderstandings of data which are then sensationalised by the media. The following 
sections will outline some of the commonly used arguments against climate change. 
Water vapour is a naturally occurring greenhouse gas 
The role that water vapour plays in the atmosphere is a commonly used point for climate 
change sceptics. Water vapour is the most abundant natural greenhouse gas. As water vapour 
is a naturally occurring gas, it is argued that the enhanced greenhouse effect is being over 
glorified, and that warming is a natural response to water vapour concentrations. 
The climate has been changing for centuries 
There have been numerous changes in the Earth's climate since well before the existence of 
humans. The temperature has fluctuated for millions of years between warm and cool cycles 
which have been much warmer and much cooler than temperatures experienced today. This 
argument posits that the current warming is part of a natural cycle. 
20 
Chapter 2: Literature Review 
The Globe was recently cooling, so how can the climate he warming? 
There was a significant reduction in the amount of solar radiation reaching the Earth's surface 
between 1961 and 1990 (Liepert et al., 2004) and over this period the globe was cooler than 
previously. Referred as global dimming, the reduction occurs as a result of both natural and 
anthropogenic emissions creating a large thick layer of aerosols at the top of the atmosphere, 
preventing solar radiation from reaching the Earth's surface. Despite global dimming, 
temperatures are now increasing. 
Sunspots 
Sunspots are regions on the sun's surface where magnetism increases 100 to 1000 times the 
average (Bryant, 1997). This creates large patches 400 to 500km deep and up to 20 000km in 
diameter. These sunspots appear darker than the rest of the sun and when in clusters, they 
increase the overall solar irradiance (Bryant, 1997). Satellite measurements suggest that the 
radiation released from a sunspot increase above or decrease below average radiation by 
approximately 0.1 %. A variation in solar radiation of this degree would cause the global 
surface temperature on earth to fluctuate between 0.15 and 0.3°C, a similar magnitude to the 
warming that has been experienced over the last century (Bryant, 1997). 
All of the above discourses have their merit and have scientific evidence to prove their 
occurrence. However, misinterpretation of the evidence has been played on by climate change 
sceptics and lead to the above conclusions being made and accepted by a large number of the 
public. It is true that the climate has been changing for centuries, that sunspots increase 
temperatures, that the planet did experience a reduction in solar radiation and that water 
vapour is the most prevalent greenhouse gas. However, the IPCC have concluded that the 
warming being experienced over the last century falls outside of the bounds of natural 
variability including these influences (Henson, 2006). 
Failing to accept climate change science and employing a 'wait and see' attitude to climate 
change is particularly dangerous given the significant human dimension of the problem. 
While it may be arguable whether humans are the cause of the problem, humans will be 
significantly affected by it. By employing management techniques which take into account 
the uncertainty of the scale and impact of sea level rise, potential impacts can be 
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acknowledged and where deemed appropriate, integrated into the decision making and policy 
development process. 
2.fJ.6 Conclusion 
It is almost unanimous amongst the scientific community that global warming and sea level 
rise are influenced by anthropogenic activities. Even if emissions can be significantly reduced 
in the next few years, irreversible warming of the Earth's surface will continue to occur for at 
least the next two decades, and sea level will rise for at least the next century. Best estimates 
provided by the IPCC (2007b) indicate that sea level is most likely to rise between 0.18 and 
0.59 by 2090 to 2090. If emission concentrations are not significantly reduced, irreversible 
melting of the Greenland and West Antarctic Ice Sheet will cause sea level to rise by up to 
13m within the next 500 to 1000 years. 
Whether a small rise of 0.18m or an extreme rise of over 13m, the potential impacts of sea 
level rise need to be considered in all facets of engineering, decision making and planning. 
The potential loss to both ecological and human systems are so great, that measures need to be 
taken now in order to reduce the impact that sea level rise will have on civilisation in the 
future. 
2.3 Responding to Sea Level Rise 
Low lying coastal margins are becoming increasingly populated as economic growth 
encourages coastal development (Ramsay, 2006; Smith, 2001). The popularity of coastal 
areas results in houses and infrastructure being located along coastlines and in some instances 
within the coastal margins, or areas such as beaches, dune lands, low land rivers, estuaries and 
the land adjacent to them (Bell et al., 2001). In some coastal areas, coastal erosion is already 
threatening both human infrastructure and ecological systems, as wind and waves are 
gradually causing a landward migration of the coastline. As sea level rises and storm surges 
become more frequent and severe as a result of climate change, current coastal erosion will be 
even further exacerbated, as will other impacts including inundation and displacement of 
wetlands and estuaries, inundation of low lying coastal areas and salinisation of ground water 
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1993). All of these occurrences are likely to result in a significant loss of natural, social and 
economic systems if measures to respond to sea level rise are not made promptly. 
Decision makers should aim to be proactive by anticipating the problems before they occur 
and developing appropriate responses which are flexible and robust over time (Nicholls, 
1995). As sea level rise will occur slowly, flexible responses will allow the costs to be spread 
over a greater timeframe (Butler, 1988). Daniels and Nicholls identify three main categories 
of response to sea level rise: accommodation (or adaptation), protection, and retreat (Daniel, 
2001; Nicholls, 1995) each with their own strengths and weaknesses. These categories will be 
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Figure 2.6: Basic illustrations of the three main responses to sea level rise, accommodate, protect, and retreat 
( adapted from Bell et al. , 2001) 
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£.9.1 Accommodation 
Accommodation is a specific technique to increase a single structure's ability to cope with 
climate change, for example, enhancing a drainage network to withstand greater quantities of 
water. The term adaptation, sometimes used to mean the same as accommodation, is also used 
in the context of climate change to describe a high-level approach in which a number of 
techniques are implemented over multiple structures to increase an area's coping capacity. 
This different interpretation of adaptation is not well separated and discussed within the 
literature. For clarity, the term 'accommodation' will be used to explain the techniques which 
can be implemented on single structures, and 'adaptation' as explained in section 2.6, will be 
used to explain the process of using multiple techniques to increase the coping range of a 
whole system. 
Accommodation is achieved through conscious land use and development planning (Bell et 
al., 2001; Neumann et al., 2001). It involves altering land uses, to enable hazards and 
anthropogenic activities to co-exist. Measures used include elevating roads and railways or 
placing buildings on raised platforms (Figure 2.6). These are commonly found to be a cost 
effective and successful method of 'flood proofing; for temporary flooding events (Bell et al., 
2001). Through integrating accommodation criteria into the planning and design process, it 
becomes an effective method to increase the resilience of developments (Hopley, 1992). 
Resilience, however, does not imply complete protection. 
Accommodation techniques are extremely effective for temporary events, such as storm 
surges or intermittent inundation. The consequences of sea level rise, however, are expected 
to be permanent, at least in the immediate future. Over time, accommodation will eventually 
lose its effectiveness as areas become permanently inundated as water levels rise. While many 
accommodation methods recommend raising buildings or road heights, accessing these 
buildings and roads becomes difficult as the areas which link these features are themselves 
inundated. Accommodation is thus an ineffective method for most sea level rise situations . 
£.9.£ Protection 
Protection is a method which actively 'seeks to exclude the hazard' (Neumann et al., 2001). 
In this research context, protection means.seeking to exclude the sea from inundating coastal 
areas (Figure 2.6). Most protection measures fall into one of two categories; hard and soft 
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structural responses. Hard protection restricts the ability of the sea to migrate inland 
(Neumann et al., 2001), while soft protection aims to preserve the natural beach (Daniel, 
2001) using more sustainable techniques (Butler, 1988). 
Hard Protection 
There are numerous hard protection techniques available, many of which originate from 
coastal defence ( erosion) schemes. These hard defence mechanisms protect infrastructure on 
the coast from temporary elevations in sea level, such as during high winds or storm surges. 
The most common hard protection techniques are structures on the land which run parallel to 
the shore (Daniel, 2001). There are numerous shore parallel techniques available, such as sea 
walls, bulkheads and embankments. However, implementing hard protection promotes coastal 
squeeze, a phenomenon which is causing significant problems throughout the world 
(Neumann et al., 2001). Over time, hard structures cause the degradation of the environment 
in front of the structure as they amplify the wave' s ability to scour away the coastal 
environment (Hopley, 1992; Neumann et al., 2001). Thus, hard structures limit the ability of 
the beach and wetlands to migrate inland as sea level rises, causing a lack of space or squeeze, 
between the water and the protection structure. 
Hard protection techniques are usually designed to keep the water away from coastal 
communities, infrastructure and services. In doing so, they provide people with a sense of 
security, which often encourages further development and investment behind the structure. 
This false security enhances the vulnerability of features behind the structures. If the structure 
is breached and water penetrates into areas behind it, there is potential for significant damage 
to infrastructure and services as well as a potential threat to human lives. As sea level rises 
and storm surges increase in elevation, breaches will become more frequent. Consequently, 
using such measures to address sea level rise will only be successful in the short term. In the 
long term, hard protection methods are delaying the inevitable and increasing the ultimate 
losses during a storm surge (Hopley, 1992). 
Soft Protection 
Worldwide trends are shifting towards soft protection methods such as beach nourishment and 
vegetation stabilization as a more sustainable approach for coastal management (Bell et al., 
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2001; Butler, 1988). A shortfall of soft protection measures is they are 'not a once and forever 
cure' (Charlier and De Meyer, 1995). As sea level rises, the cost of maintaining soft 
protection measures such as beach nourishment will also rise, ceasing to become cost 
effective in many coastal locations (Neumann et al., 2001). In the long term using soft 
protection measures to protect against sea level rise would see the migration of the coast 
inland. 
Financial Costs 
In the long term, protection is relatively expensive. Not only does funding have to be 
available for construction, there are ongoing maintenance costs to ensure that the sea is 
successfully held back by the physical (hard) and natural (soft) barriers (Ng and Mendelsohn, 
2005). Ng and Mendelsohn (2005) estimated in 2005 that construction of hard structures such 
as dikes, sea walls or bulkheads in Singapore was approximately $5310 per lm x lm ( or 
$5258 New Zealand dollars). As this value only considers construction costs and not 
maintenance, hard structures are often best warranted in locations with important historical or 
heritage value and urban areas with significant investment value (Hopley, 1992; Ng and 
Mendelsohn, 2005). Ultimately, protection is delaying the inevitable and should only be used 
for high value sites (Hopley, 1992). 
If sea level rise and storm surges intensify, additional protection costs would be incurred as 
the increased risk of inundation would require even larger, higher protection measures (Ng 
and Mendelsohn, 2005). National governments need to consider where they will find funding 
to pay for increased protection measures. Two possible methods outlined by Ng and 
Mendelsohn (2005) include using taxes so all citizens pay for protection, or placing the 
burden entirely on the landowners who live in vulnerable areas. They also suggest that 100% 
protection may not be a suitable option, as the cost of protection may in some areas exceed 
the value of the land. While shifting the cost burden to land owners makes economic sense, 
this approach would be likely to cause displacement of people who live in low socio-
economic coastal settlements. 
£.S.S Retreat 
Inland movement of the coastline raises the issue of where society should best invest its 
response. As mentioned earlier, Hopley (1992) suggests that at best, protection is only a 
26 
Chapter 2: Literature Review 
temporary adjustment suitable for sites of high value. Hopley further discusses that the 
implementation of hard or soft protection measures require ongoing expenditure for 
maintenance and repair (Daniel, 2001), with some techniques aggravating the original 
problems (Hopley, 1992). Neumann et al. (2001) suggest that if sea level begins to rise more 
rapidly, original protection methods may cease to be cost effective in some locations, with 
Hopley (1992) indicating that in such circumstances, managed retreat is inevitable. 
Managed retreat is perceived as the last resort of the three main responses to sea level rise. 
Bell et al. (2001) describe a retreat as 'progressively giving up threatened and vulnerable land 
by moving from the coastal frontlines or preventing future development along coasts which 
may be affected' (Bell et al., 2001: 59). Planned or strategic retreat is not a new concept, 
having regularly been implemented in areas with extreme rates of coastal erosion (Daniel, 
2001). Many of the consequences which result from extreme coastal erosion are very similar 
to those predicted by sea level rise, making it an ideal comparative situation. 
In the long term, managed retreat has been identified as the most cost effective technique to 
combat sea level rise. As highlighted by Daniel (2001), the cost of moving a house or building 
is a onetime expense. Rather than a payout of large amounts of money to rebuild a house after 
it is damaged, smaller sums of money could be provided to assist in the relocation of 
threatened buildings or the relocations of householders to dwellings elsewhere. In 1987 the 
United States of America Congress passed an amendment to National Flood Insurance 
Program to this effect. This amendment provides homeowners of threatened buildings with up 
to 40% of the federally insured value of their home for building relocation purposes (Daniel, 
2001). 
In instances where the finance is not available to allow for such relocation assistance, a 
strategic or planned retreat becomes highly viable. A planned retreat (Figure 2.6) involves 
placing restrictions of future development and potentially restricting the construction and 
reconstruction of buildings and infrastructure in the risk area (Neumann et al., 2001). It 
involves future planning, which may include rules and regulations which gradually restrict 
development of a coastal area. Setbacks are a commonly used technique to restrict 
development in vulnerable areas (Hopley, 1992), as are restrictions on rebuilding damaged 
property (Nicholls, 1995). 
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~.S.4 Conclusion 
There are three generic options available to decision makers when considering how best to 
respond to the threat of coastal inundation from sea level rise and storm surges: 
accommodation, protection and retreat. The techniques which fall within each category are 
numerous, with only a handful of the many thousand options mentioned above. Each 
technique has its own benefits, with the cost of each often being the deciding factor. In 
circumstances where cost is an issue, an assessment of coastal areas should be completed in 
order to identify who and what is most vulnerable to coastal inundation. 
There is an array of assessments available which can aid decision makers in determining the 
impacts of sea level rise on a particular locality. These assessments can provide an indication 
of the most appropriate action to address sea level rise, be it accommodation, protection or 
retreat. If a spatial assessment is used, the spatial dimension of any response can also be 
determined. The following sections outline the concepts of vulnerability and risk, and 
potential methods for evaluating these in relation to an area potentially subject to sea level 
rise. Once the threat to an area has been assessed, an adaptation response can be developed, 
with adaptation assessment methods outlined in the final section of this chapter. 
2.4 Vulnerability 
Vulnerability is not a new concept, with a considerable amount of literature existing on the 
factors which make a place, person or object 'vulnerable' and how to assess vulnerability. In 
recent years, however, a new niche has developed surrounding the notion of climate change 
vulnerability. To ensure that appropriate responses are made in relation to sea level rise, it is 
vital to understand the vulnerability of people, their values and the environment (Villinga and 
Klein, 1993). The following sections aim to provide some understanding of the notion 
'vulnerability' in a broad sense, what it means to be vulnerable to sea level rise specifically, 
and finally to review a range of vulnerability assessments which can be applied to determine 
the vulnerability of a location to sea level rise. 
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~.4.1 Definitions 
The term 'vulnerability' is extremely diverse in its use and interpretation. There is no correct 
or best explanation of vulnerability (Ftissel, 2007), rather the definition depends upon the 
context in which it is used. A general1 all-encompassing interpretation is provided by Flissel 
(2007: 155) who refers to vulnerability as 'the capacity to be wounded' or 'the degree to 
which a system is likely to experience hann due to exposure to a hazard'. A perhaps more 
specific definition which encompasses not only hazards but also considers the current 
environmental and social conditions is provided by Clarke et al. (2000: 2) who define 
vulnerability as 'the risk of adverse outcomes to receptors or exposure units in the face of 
relevant change in climate, other environmental variables and social conditions', where 
exposure units are individuals, communities or ecosystems. 
Vulnerability is a multi dimensional concept and is strongly influenced by three main 
variables, exposure, sensitivity and adaptive capacity (Adger, 2003; McLaughlin and Dietz, 
2008; Smit and Wandel, 2006; Smith et al., 2003). Often depicted as a mathematical equation, 
vulnerability is said to be a function of 1) exposure - the probability of the occurrence of an 
extreme event whose influence extends over a particular area with particular characteristics 
(Adger, 2003; 2) sensitivity- the extent to which a human or natural system can absorb the 
impacts without suffering long term harm or some significant state change (Adger, 2003) and 
3) adaptive capacity (or resilience) - the ability of a system to evolve in order to 
accommodate perturbations or to expand the range of variability with which it can cope 
(Adger, 2003; McLaughlin and Dietz, 2008). 
For the purpose of this research, vulnerability will be interpreted not in the general sense but 
rather in the context of climate change. The IPCC (2007c: 883) define vulnerability to climate 
change as 'the degree to which a system is susceptible to, and unable to cope with, adverse 
effects of climate change, including climate variability and extremes'. A general consensus 
surrounds this interpretation of climate change vulnerability, as definitions by Lim and 
Spanger-Siegfried (2005), Smit and Pilifosova (2003) and Smith et al. (2003) only deviate 
slightly around the IPCC's interpretation. As there are so many facets to climate change and 
climate change vulnerability, Cater et al. (2007) have further dismantled this definition to 
identify different states of climate change vulnerability including vulnerability to the current 
climate; vulnerability to climate change in the absence of adaptation and mitigation measures; 
and residual vulnerability, where adaptive and mitigative capacities have been exhausted. 
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Unless stated otherwise, it can be assumed that vulnerability in this research is referring to 
vulnerability to climate change in the absence of adaptation measures. 
The future vulnerability of a system to sea level rise will not only be influenced by our ability 
to reduce greenhouse gas emissions, but also by the ability of institutions, be it local, national 
or international, to plan for our present 'commitment to sea level rise' (Adger et al., 2007; 
IPCC, 2007c). The vulnerability of a specific location will be influenced by the exposure of 
the system to hazardous climatic conditions (Smit and Pilifosova, 2003); the direct effect of 
climate change on the system (Smith et al., 2003) and the ability of the system to adapt to 
climate change (Smith et al., 2003). If decision makers fail to understand these factors and do 
not seek to reduce exposure, reduce sensitivity and/or enhance adaptive capacity, they face a 
potential catastrophic loss of infrastructure and services in the future, especially where urban 
centres are located on low lying coasts. 
fJ.4.fJ Vulnerability Assessment 
In order to understand how vulnerable a system is to climate change, an understanding of the 
system's exposure, sensitivity and adaptive capacity needs to be developed. Vulnerability 
assessment provides a means to do this. Vulnerability assessments assess the risk of particular 
groups or social units to various social and environmental stresses (McLaughlin and Dietz, 
2008), thus allowing both policy makers and individuals to identify potential problems they 
may have to address (Villinga and Klein, 1993). Prior to any assessment technique being 
selected, it is important to decide on a definition of vulnerability that best suits the situation 
being examined. Some definitions will imply that vulnerability assessment is an end point, 
some a focal point and others possibly even a starting point (Kelly and Adger, 2000). To 
avoid confusion, a definition should be selected from the start, and its role within the research 
identified, in order to ensure an appropriate technique is employed. 
The importance of stakeholder involvement is increasingly being given prominence within 
vulnerability assessments. A large amount of research has been completed on the need for 
stakeholder involvement, with participation ensuring that initiatives are compatible with 
existing decision making (Smit and Pilifosova, 2003), removing the researcher's assumptions 
surrounding exposure and sensitivity (Smit and Wandel, 2006), eliminating any a priori 
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stakeholder interest (Smit and Pilifosova, 2003). Stakeholder involvement also recognises that 
a system's exposure, sensitivity and adaptive capacity evolves over time, therefore, what is 
vulnerable in one assessment may not be vulnerable in the next, or vice versa. 
Stakeholder involvement is central to Smit and Wandel's vulnerability framework. The 
framework (Figure 2.7) begins with an assessment of the current exposure and sensitivities 
and the current adaptive strategies. Smit and Wandel (2006) recommend employing 
ethnographic, in-community methods for this step, such as interviews and focus groups. Once 
identified, the future conditions can be predicted and future vulnerabilities identified, with the 
overall intent of this assessment being not to quantify vulnerability numerically, but rather to 
identify ways in which adaptive capacity can be increased and exposure and sensitivities 
decreased . 
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Figure 2. 7: Vulnerability assessment framework derived by Smit and Wandel (2006). 
An older and more frequently used vulnerability assessment is the Common Methodology 
developed by the IPCC in 1992 (Klein and Nicholls, 1998). Developed specifically for coastal 
zones, the Common Methodology was established by the IPCC to encourage long term 
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method, the results can be compared both nationally and internationally allowing for common 
themes or trends to be identified (Villinga and Klein, 1993). Based on a seven step framework 
(Figure 2.8), the Common Methodology identifies populations and resources at risk (Klein 
and Nicholls, 1998; Klein et al., 1999; Villinga and Klein, 1993). 
No other coastal vulnerability assessment has been applied so widely as the Common 
Methodology (Klein and Nicholls, 1998; Villinga and Klein, 1993). It has been subject to 
numerous rewrites and amendments since its initial draft in 1989. Like other vulnerability 
assessments, it has its critics. The Common Methodology has been criticised for its need for 
high quality data, its emphasis on protection rather than a range of adaptation options, and the 
tendency for users of the method to ignore spatial distributions of sea level rise and use single 
global sea level rise estimates (such as a lm rise by 2100) as a result of insufficient data 
(Klein and Nicholls, 1998). The Common Methodology is however, particularly useful for 
initial assessments of potential coastal impacts of and adaptation to sea level rise (Smit and 
Pilifosova, 2003). 
Seven steps of the Common Methodology 
1. Delineate case study area, and specify accelerated 
sea level rise and climate change conditions. 
2. Inventory study area characteristics. 
3. Identify relevant development factors. 
4. Assess physical changes and natural system 
responses. 
5. Formulate response strategies identifying potential 
costs and benefits. 
6. Assess the vulnerability profile, and interpret 
results. 
7. Identify future needs, and develop a plan of action. 
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As outlined in Figure 2.8, the Common Methodology begins with identifying the study area. 
This area is generally defined as the area of land which lies below the 1 in 1000 year storm 
surge contour line. Next, the general background of the area is required including the 
biophysical and the socio economic factors. Once these are established, the future scenarios 
can be developed and potential response strategies identified, with responses tending towards 
the three generic options, retreat, accommodate or protect (Klein and Nicholls, 1998). 
Klein et al. ( 1998) take a completely different approach in assessing vulnerability. Klein et al. 
make a clear distinction between natural and socio economic vulnerability. In using this 
approach (outlined in Figure 2.9), the elements within the framework are easily identified and 
the sub steps to complete the assessment clearly distinguished. The overall framework of 
Klein et al. (1998) suggests that natural vulnerability systems influence or inform socio 
economic systems, implying that vulnerability always starts with some notion of natural 
vulnerability (Klein, et al., 1998) . 
Autonomous 
1. 1 Adaptation Susceptibility Resilience / I 
~ 
Resistance ' ·~ 




climatic & ,, - -. l non climatic 
Biographic l stresses Effects -NATURAL SYSTEM .,, 




I I Potential or Cope 
' 





... - -. 
Residual 
Impacts 
SOCIO-ECONOMIC SYSTEM ' .. 
-
Figure 2.9: Conceptual framework of Klein et al ( 1998) coastal vulnerability assessment. 
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f!.4.S Conclusion 
Vulnerability assessments provide decision makers with a useful tool to identify areas which 
may be susceptible to the effects of climate change. While there are numerous assessment 
techniques available to determine how vulnerable a system is to climatic, environmental and 
social conditions, no method has been used as widely as the IPCC's Common Methodology. 
Recent emphasis has been placed on using participatory assessments such as the technique of 
Smit and Wandel (2006) outlined above. While there is no right or wrong methods in 
determining vulnerability, the growing emergence of climate change vulnerability within the 
literature means that current assessment techniques are continually evolving. 
The notion of vulnerability is intimately related to the notion of risk. Risk is commonly used 
or implied in definitions of vulnerability, with exposure and sensitivity often also providing a 
reasonable definition of risk (McLaughlin and Dietz, 2008). Where risk and vulnerability 
differ, is that vulnerability draws in the notion of adaptive capacity or resilience to an event 
(McLaughlin and Dietz, 2008). 
2.5 Risk 
The term 'risk' and associated risk assessments are extremely diverse in their application. 
Risk assessments are not confined to physical sciences, but are commonly used in social 
science and even business sectors. As a result, there is a large amount of literature that 
discusses risk, how to measure it and how to interpret results; however, the definition of risk 
and the risk assessment techniques must be suitable for the research at hand (physical science, 
social science, commerce). A large amount of literature is also developing in relation to risk 
and climate change. Due to the vast uncertainties of climate change, there has been no central 
agreement on a definition of risk in relation to climate change. The following section seeks to 
develop an understanding of what it means to be 'at risk' to sea level rise and how to assess 
that risk. 
f!.5.1 Definitions 
As mentioned briefly in section 2.2.1, vulnerability and risk are intimately related. 
McLaughlin and Dietz (2008) note that the term 'risk' is commonly used or implied in 
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definitions of vulnerability. The strength of the vulnerability-risk relationship becomes 
evident when analysing different interpretations of risk. For example, in defining risk, Lim 
and Spanger-Siegfried (2005) identified hazard and vulnerability as the two main factors 
which influence risk (equation 1). 
Risk = hazard x vulnerability (eq 1) 
They expand on this definition to note that risk is 'the result of the interaction of physically 
defined hazards with the properties of the exposed systems ... ' and further that 'Risk can also 
be considered as the combination of an event, its likelihood and its consequences - ie. risk 
equals the probability of climate hazard multiplied by a given system's vulnerability' (Lim 
and Spanger-Siegfried, 2005; 94). 
In addition to identifying hazards and vulnerability as influencing factors of risk, Lindley et 
al. (2006) also believe risk is influenced by exposure, thereby making risk a function of 
hazards, exposure and vulnerability as depicted in Figure 2.10. Lindley et al. (2006) imply 
that in this context, exposure is the land use or 'urban morphology' of the area being 
researched. When assessing risk, exposure is measured by determining the spatial coincidence 
of land uses and the hazard. 
RISK 
EXPOSURE 
Figure 2.10: The functions of hazards, exposure, and vulnerability in defining risk (Lindley et al., 2006). 
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Ftissel (2007) used a slightly different approach to define risk, focusing on risk in relation to 
outcomes. He defines risk as 'expected losses ... due to a particular hazard for a given area 
and reference period' and 'expected losses ... resulting from interactions between natural or 
human induced hazards and vulnerable conditions (Fussel, 2007; 160). As there is no true 
certainty surrounding climate change and the future rate of sea level rise, this definition was 
deemed unsuitable for this research as losses are 'expected', implying definite knowledge 
about future conditions. 
There is no single, universally applied definition of risk, with a number of deviations existing 
surrounding the central components of vulnerability and hazards. Due to the IPCC' s 
dominance in the arena of climate change, the IPCC' s approach to defining and assessing 
climate change risk may become most prominent. In the Fourth Assessment Report 2007, the 
IPCC uses the Australia New Zealand Standard for Risk Management definition to describe 
risk. This definition refers to risk as being 'the chance of something happening that will have 
an impact upon objectives. It is measured in terms of consequences and likelihood' (Standards 
New Zealand, 2004: 5). The Australia New Zealand Standards for Risk Management are 
applied broadly within New Zealand and were originally developed due to the perceived need 
for guidance in applying risk management in both the private and public sector. For the 
purpose of this research, the Australia New Zealand Standard for Risk Management 
interpretation of risk is used. The IPCC usage of this definition suggests it may become more 
broadly used globally in relation to climate change risk. 
fl.5.£ Risk Management/ Assessment 
Planning plays a critical role in mitigating the severity of hazards and reducing the exposure 
and vulnerability of people, infrastructure and services (Lindley et al., 2006). Risk 
management is a structured management process which aims to minimise harm from hazards 
in an environment of uncertainty (Standards New Zealand, 2004; Jones et al., 2007). It 
encompasses the whole process of identifying potential risk, quantifying unmanaged risk, 
evaluating risk, and finally treating the risk to reduce the potential adverse consequences 
(Jones et al., 2007). At the heart of the risk management process is the completion of a risk 
assessment. A risk assessment can be described as the ' ... process used to determine risk 
management priorities by evaluating and comparing the level of risk against predetermined 
standards, target risk levels or other criteria' (Standards New Zealand, 2004: 5). In order to 
manage risk successfully, a comprehensive risk assessment is required. 
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Risk assessments have three main planning related functions. Firstly, they identify potential 
high risk areas, providing an indication of where future development should be avoided. 
Secondly, they identify areas where further investigations should be completed (Lindley et al., 
2006). Finally, if a spatial assessment is completed, areas where adaptation is most urgently 
required can be easily identified (Lindley et al., 2006). A range ofrisk assessments are 
available to complete these tasks, including the use of quantitative and/or qualitative methods. 
Qualitative techniques have been identified as practical in their ease of use and cost, with such 
descriptive techniques most commonly used to obtain an understanding of the level of risk 
prior to a more thorough and complete analysis being completed (Standards New Zealand, 
2004). The following paragraphs provide detail about some commonly used risk assessment 
techniques, including qualitative, quantitative and spatial approaches. 
The risk management approach most widely recommended by the New Zealand Ministry for 
the Environment is the Australia New Zealand Standard for Risk Management process. The 
process (Figure 2. 11) is comprised of five main steps, with smaller sub steps existing under 
each. To make the process more applicable to climate change risk, the Ministry for the 
Environment slightly amended the original process to add specific climate change elements. 
The process, outlined in Figure 2.11, includes the use of both qualitative and quantitative data, 
with the final results tending to be more descriptive than quantitative or spatial. In essence the 
IPCC recommend the same risk management process, however, when analysing the risk (step 
3), they opt to use their Climate Change Impact, Adaptation and Vulnerability Assessment (of 
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Figure 2.11: The Risk Management Process as defined in the Australia New Zealand Risk Management 
Standards (Standards New Zealand, 2004). 
Stakeholder involvement is central to many risk assessments. The Australia New Zealand 
Risk Management Process includes stakeholder involvement in each step. A similar process 
promoted by Jones (2001) is once again similar to the Australia New Zealand Risk 
Management Process, but he conceptualises it differently with stakeholder involvement being 
central to the process, in comparison to other methods which places risk analysis or 
assessment at the heart. Jones's (2001) method also breaks down each of the steps as shown 
in Figure 2.12, into smaller sub steps, consulting with stakeholders at nearly every stage, with 
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stakeholder involvement may delay the process, it increases the chances of stakeholder 



















Identify the key climatic variables affecting the exposure units being assessed. 
Create scenarios and/or projected ranges for key climatic variables. 
Scenarios 
Carry out a sensitivity analysis to assess the relationship between climate change and impacts. 
Identify the impact thresholds to be analysed for risk with stakeholders. 
5. Carry out risk analysis. 
6. Evaluate risk and identify feedbacks likely to result in autonomous adaptations. 
7. Consult with stakeholders, analyse proposed adaptations and recommend planned adaptation options. 
Figure 2.12: Risk Management Process outlined by Jones (2001 ). 
The two risk assessment processes outlined above use similar techniques, both involving a 
combination of qualitative and quantitative data to develop a final, qualitative description of 
the risk to a locality of climate change. However, risk varies spatially, an element not explicit 
in these assessment techniques. There are considerable benefits of using a spatial risk 
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geographic information systems (GIS) allow risks to be observed spatially, providing an 
understanding of the spatial variability in adaptation responses (Lindley et al., 2006). Lindley 
et al. (2006) noted this advantage and created a risk assessment technique which has GIS 
analysis at its core. 
Using a GIS method originally developed for managing urban geohazards, Lindley et al. 
(2006) adapted the methodology to create a system which develops an understanding of the 
climate change related risks faced by urban communities. Outlined in Figure 2.13, the process 
begins by identifying the risk, similar to the Australia New Zealand Risk Management 
Process. To analyse the risk, Lindley et al. (2006) use GIS to firstly map the vulnerability of 
selected elements (such as people, buildings and infrastructure) and to separately map the 
climate change variable (hazard) being researched. The two maps are then overlaid to 
determine the spatial coincidence of the hazard and the vulnerable elements, thus providing a 
spatial overview of risk. To evaluate the risk, forecasts are made based on the results of the 
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Although GIS is a capable and powerful tool to use for a risk assessments (Fedra, 1998), 
quantifying the uncertainty that arises when using GIS techniques is difficult. Not only does 
climate change bring a range of uncertainty into the risk analysis, GIS methodologies create 
additional uncertainty (Lindley et al., 2006). Manipulating data that possesses error as a result 
of the data collection process will be carried through the entire risk assessment. If the errors 
are not minimised or at least acknowledged, they can decrease the validity of the results 
(Arbia et al., 1998). However Anderson et al. (2004) argue that although using GIS brings 
additional elements of uncertainty in the risk assessment process above and beyond the 
uncertainty of climate change, it remains the best available tool to spatially assess risk and aid 
the decision making process . 
.£.5.S Conclusion 
Risk assessments provide decision makers with an effective tool to identify areas which are 
most at risk to a particular hazard, such as sea level rise. The advantage of using risk 
assessments over alternative methods such as vulnerability assessments is that they 
incorporate assessing vulnerability within the risk assessment process. While there are a 
number of risk assessment methods available to use to determine the risk of climate change, 
the Australia New Zealand Risk Management process is most frequently used and most 
frequently adapted method identified within the literature. 
An emerging branch of risk assessment is the use of GIS centred approaches. Using a spatial 
approach provides an indication of the spatial dimension of risk, including the areas which are 
most threatened by a particular hazards, and the potential distribution of adaptation responses. 
2.6 Adaptation 
As outlined in the previous sections, sea level rise poses a significant threat to low lying 
coastal communities, towns and cities. An increase in sea level will accelerate coastal erosion, 
increase the height of storm surges and in some localities cause permanent inundation, posing 
a significant threat to people, infrastructure and services which lie within the path of this 
water. Vulnerability assessments and/or risk assessments are two methods which can be used 
to determine the level of threat. Once the most vulnerable or most at risk areas are identified, 
the coping range or adaptive capacity of those areas needs to enhanced. The following section 
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explores the notion of adaptation and how applying adaptation strategies can increase the 
adaptive capacity and resilience of both people and infrastructure. 
ft.6.1 Definitions 
A broad and all encapsulating interpretation of adaptation is that it is a response to the effects 
of climate change (Parry and Carter, 1998). It is a process in which adjustments in natural or 
human systems occur in response to actual or expected climatic stimuli (IPCC, 2007b; Lim 
and Spanger-Siegfried, 2005; Smit and Pilifosova, 2003). The responses may be autonomous 
or planned (Fankhauser et al., 1999; IPCC, 2007c; Parry and Carter, 1998), reactive or 
proactive (Adger, 2007; Fankhauser et al., 1999). Adaptation is by no means a new concept, 
with people throughout history adapting to changing climatic conditions (Lim and Spanger-
Siegfried, 2005). 
Planned adaptation is the result of conscious intervention (Fankhauser et al., 1999). Defined 
by the IPCC (2007d :869) as 'adaptation that is the result of a deliberate policy decision', 
planned adaptation emerges from the awareness of human and natural systems that conditions 
have changed or are about to change and that some form of response is required. Planned 
adaptation is considered to be the role of policy makers or national governments (Fankhauser 
et al., 1999; Parry and Carter, 1998), as the right mix of legal, regulatory and socio economic 
conditions are required for it to succeed. The converse of planned adaptation is autonomous 
adaptation. Carter et al. (1994) (in Fankhauser et al. 1999: 69) describe autonomous 
adaptation as 'natural or spontaneous adjustments in the face of a changing climate', such as 
the early onset of breeding of some bird species in response to warming conditions, or the 
construction of non legitimate sea walls to protect a person's home from being destroyed due 
to erosion or storm events. Fankhauser et al. (1999) argue that autonomous adaptation is the 
most efficient form of adaptation as individuals will endeavour to adapt to climate change 
within the limits of their knowledge, skills and budgets. However, autonomous adaptation 
tends to be reactive, or after a stimulus has been felt (Smit and Pilisova, 2003) with some 
damages occurring before action is taken. Responding to sea level rise in this manner, 
especially in populated areas, is ineffectual due to the potential loss of property, infrastructure 
and services. 
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Reactive adaptation is closely related to autonomous adaptation. It is a method in which 
individuals, plants and animals respond to climate change after the fact (Fankhauser et al., 
1999). Reactive adaptation is inefficient and has been described by Adger et al. (2007: 721) 
as 'a wait and see' approach. It is costly and results in damages before action is taken (Adger 
et al., 2007; Smit and Pilifosova, 2003). A more strategic approach which sways on the side 
of caution is proactive adaptation. Also referred to as anticipatory, it is best described by the 
IPCC (2007d: 869) as 'adaptation that takes place before the impacts of climate change are 
observed'. It requires foresight and future planning (Fankhauser et al., 1999), with the 
considerable benefit of reducing the potential impacts of climate change. 
Factors which promote and hinder adaptation 
There are a number of factors which influence the success of adaptation measures. Outlined in 
Table 2.3, these factors generally fall into one of the following categories; Technology, 
Knowledge, Finance and Governance. In order to avoid maladaptation, such factors need to 
be considered before undertaking any significant adaptation measures. The factors are 
numerous and varied, however, they all play a significant role in the effectiveness of 
adaptation. 
In addition to the factors which are identified in Table 2.3, several realities quickly become 
apparent when considering adaptation (Smit and Pilifosova, 2003). Adaptation measures need 
to be specific to a particular location under particular circumstances. Adaptation strategies 
need to be created with a firm understanding of the particular system being dealt with, and the 
community in which adaptation is intended (Smit and Pilifosova, 2003). They also need to be 
integrated into the wider policy objectives. Work by Smit and Pilifosova (2003) has identified 
a gap between research and practice, with adaptive measures which exist separately from 
policy tending to go nowhere and being less effective than those integrated into policy 
objectives. 
To ensure that any adaptation response to sea level rise is successful, a thorough and complete 
adaptation strategy is required. The following section identifies a potential adaptation 
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Table 2.3: The main factors which hinder or promote successful adaptation. 
Factor Hinder or Promote Author 
Technology Promote 
•Increase the adaptive capacity within the present coping Adger (2003) 
range. 
Hinder 
•Future strategies may involve technological and Adger (2003) 
institutional lock-in which might reduce the scope for Smit and Wandel (2006) 
increasing the range of adaptation options available. 
•Mav not be economically feasible. 
Knowledge Promote 
• Providing individuals with scientifically sound information Adger et al. (2007) 
will result in information assimilation, increased knowledge 
and action and support of policies based on this information. 
Hinder 
• Ongoing scepticism about climate change. Hennessy et at. (2007) 
• Perceptions of climate change risk vary as do peoples' Adger, et al. (2007) 
threshold at which adaptive behaviour begins. 
Governance Promote 
• Ability to encourage land use change and provide Fankhauser et al. ( 1999) 
incentives. 
Hinder Hennessy et al. (2007) 
• Weak linkages between different strata of government . 
• Lack of methods for integrated impact and adaptation Hennessy et al. (2007) 
assessment. 
Finance Promote 
• Incentives which encourage people and economic agents Fankhauser et al. (l 999) 
to adjust. 
Hinder Adger et al. (2007) 
• Lack of resources may limit low income groups ability to 
afford proposed adaptation. 
fJ.6.fJ Adaptation Strategies and Assessments 
The objective of adaptation strategies is to 'manage rather than overcome' climate change 
uncertainty (Carter et al., 2007). Adaptation assessment or strategies can be used to identify 
possible methods to use to adapt to climate change, with the added step of evaluating the 
potential methods based on a range of criteria (IPCC, 2007c). An emerging approach to 
adaptation assessment is the involvement of stakeholders in the process. The intent of 
stakeholder involvement is to raise climate change awareness and empower individuals to 
improve decision making. While not providing a specific technique, Warrick (2006) has 
identified what the adaptation framework should look like (Figure 2.15) with emphasis being 
placed on the dynamic nature of adaptation, and the need to evaluate and 'self correct' the 
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Figure 2.14: A model adaptation framework as outlined by Warrick (2006). 
The assessment techniques available for adaptation are far reaching and varied and are 
increasingly becoming incorporated into mainstream policy, planning and strategising (Carter 
et al., 2007: Warrick, 2006). As highlighted by Carter et al. (2007) there is much difficulty in 
establishing a general methodology for adaptation assessment due to the diversity of the 
methods. Burton et al. (1998) note that in the IPCC Second Assessment Report 1995 some 
228 different adaptation measures were referenced. For the remainder of this section, a range 
of adaptation assessments will be discussed and evaluated. 
Examples of Adaptation Assessment 
One of the most frequently referenced adaptation techniques is the Seven Step Framework of 
the IPCC. The framework (Figure 2.15a) uses scenarios to evaluate the potential impacts of 
climate change and assesses the need for any adaptation strategies as a result of the predicted 
impacts (Carter et al., 2007; Parry and Carter, 1998). The framework is a very high level 
assessment, providing little specific, user friendly guidance. Carter et al. (1994, 1998) 
elaborated on the IPCC' s Seven Step Framework, by expanding the seventh step - Evaluate 
adaptation strategies. They divided the seventh step into seven further steps (Figure 2.15b). 
Beginning with step one, defining the objectives, this seven step process places significant 
emphasis on evaluating adaptation measures prior to implementation. Carter et al. (1994), El 
Raey et al. (1999) and Parry and Carter (1998) all provide detailed explanations of each step 




a) 7 Step Framework 
1. Define the problem 
j, 
2. Select Method 
3. Test Method/Sensitivity 
4. Select Scenarios 
5. Assess Biophysical Impacts, assess 
socio economic impacts 
6. Assess Autonomous Adjustments 
7. Evaluate Adaptation Strategies 
Chapter 2: Literature Review 
b) Evaluating Adaptation Strategies 
1: Define objectives 
j, 
2. Specify important climate impacts 
j, 
3. Identify Adaptation Options 
j, 
4. Examine Constraints 
j, 
5. Quantify Measures 
Formulate Alternative Strategies 
j, 
6. Weight Objectives 
Evaluate Trade Offs 
j, 
7. Recommend Adaptation Measures 
Figure 2.15: a) The IPCC Seven Step Framework of Climate Impact Assessment (Parry and Cater, 1998) b) The 
expansion of step 7 of the Seven Step Fram work, as developed by Carter et al. ( 1994) and expanded on by Parry 
and Carter ( 1998). 
Klein et al. ( 1999) are critical of the ability of the IPCC' s Seven Step Framework to assess 
coastal hazards. They note that the framework places emphasis on coastal impact rather than 
coastal adaptation measures. Klein et al. (1999) are also critical of the fact that the framework 
does not emphasise the need to raise public awareness of climate change, nor does it suggest 
continuous post implementation monitoring and evaluation. To address the weaknesses of the 
IPCC with the help of data collected from three case studies (The Netherlands, England and 
Japan), Klein et al. (1999) developed a conceptual framework for coastal adaptation (Figure 
2.16). Although coastal adaptation is not a new concept, Klein et al. ( 1999) highlight that 
coastal adaptation in relation to climate change is. Rather than the largely static seven step 
process of the IPCC, their framework comprises of four basic elements with multiple 
feedbacks. The four elements, (i) information collection and awareness raising; (ii) planning 
and design; (iii) implementation; and (iv) monitoring and evaluation, assist in 'filling the 



























Figure 2.16: Conceptual framework showing in the shaded area the iterative steps involved in coastal 
adaptation to climate variability and change ( Klein et al, 1999 ). 
The adaptation policy framework of Lim and Spanger-Siegfried (2005) draws upon elements 
of both Klein et al. (1999) and the IPCC. Comprised on only six steps (Figure 2.17), Lim and 
Spranger-Siegfried provide a detailed analysis of how to complete each step of the process. 
The first component involves ensuring that the project can be integrated into planning policy 
and adaptation measures implemented. Following a vulnerability assessment and an analysis 
of future risks, adaptation strategies can be formulated and integrated into a larger adaptation 
strategy, with the whole process continually being monitored and evaluated to ensure the 
strategy is on target. 
Scoping and Design 
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Figure 2.17: Lim and Spanger-Siegfried (2005) Adaptation Policy Framework. 
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The adaptation assessments and frameworks provided above are only a handful of the many 
techniques available. Each technique has its own benefits and shortfalls, with the level of 
knowledge, skills, cost and data required varying greatly from one method to another. While 
the IPCC' s Seven Step Framework is the most commonly referred to in the literature, authors 
such and Klein et al. (1999) and Lim and Spanger-Siegfried (2005) highlight that even the 
most common methods have their shortcomings. Documents such as the Fourth Assessment 
Report of the IPCC and the United Nations Handbook on Methods for Climate Change 
Impact Assessment and Adaptation Strategies (Feenstra et al., 1998) all provide a good 
overview and summary of some of the many techniques available when conducting adaptation 
assessments. 
fl.6.S Conclusion 
Adaptation provides a means to increase the coping range of a community to sea level rise. 
If left long enough, autonomous adaptation will occur as people are forced out of an area as 
the water encroaches inland. A more structured and responsible approach is planned 
adaptation, or the result of a deliberate policy decision which encourages a gradual change in 
land use. As time progresses, planned adaptation aims to alter the land use activities in order 
to reduce the threat that sea level rise poses on low lying coastal communities. 
When there are assets to be lost or lives at risk, it is important to take an anticipatory approach 
to sea level rise. Completing adaptation assessments provides a means for identifying areas 
most threatened by sea level rise and establishing methods to reduce any potential losses. 
Using such techniques requires foresight as adaptation measures need to be applied before sea 
level rise becomes a problem. 
2. 7 Conclusion 
This chapter has outlined the theoretical context in which this research is based. A review of 
contemporary climate change related literature has shown that the world is experiencing a net 
warming effect due to the continual and accelerated release of greenhouse gases from 
anthropogenic activities. This warming has been so great, that eleven of the past twelve years 
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are among the warmest years since the instrumental record of surface temperature began in 
approximately 1850. 
In response to this warming, land based snow, glaciers and ice sheets are melting causing an 
increase in sea level. Even if greenhouse gas emissions were curbed tomorrow, sea level is 
expected to rise for at least another century due to the thermal lag of the ocean. However, 
confounding factors such as our ability to reduce greenhouse gas emissions, or how the large 
ice sheets of Greenland and Antarctica will respond to warming, make it difficult to estimate 
how much and at what rate sea level will rise. It is therefore best to take a precautionary 
approach and begin to plan for sea level rise, even if some of the cause and effect 
relationships are not fully understood and established scientifically. 
As found within the literature, there is a range of techniques available to assess how 
threatened a coastal community is from sea level rise. These generally fall into one of three 
categories of vulnerability assessments, risk assessments or adaptation assessments. Each 
have a slightly different focus but all display to some extent the level of impact that sea level 
rise will have on low lying coastal communities such as South Dunedin. Due to the 
uncertainty of sea level rise, techniques which allow for a range of sea level rise estimates to 
be evaluated simultaneously are most favoured, as are GIS based techniques which provide a 
spatial overview of where immediate action needs to be taken. 
After reviewing the literature, South Dunedin appears to meet many of the criteria for being 
'at risk' to sea level rise. Located on low lying and in some parts, reclaimed land, the area is 
highly developed, highly populated, and lies adjacent to the coast. The following chapter 
provides both the historical and contemporary framework for South Dunedin and begins to 




South Dunedin and the 
Planning Framework 
3.0 Introduction 
South Dunedin lies on partially reclaimed land, some of which is below sea level. Although 
currently protected from the ocean by the St Kilda and St Clair sand dunes, their ability to 
protect South Dunedin in the future may be compromised by sea level rise. The first section 
of this chapter reviews the historical events that have resulted in the present form of South 
Dunedin. The second section provides an overview of international climate change 
legislation and initiatives, and how this has filtered into New Zealand's national framework. 
The third section explores New Zealand's planning legislation and climate change initiatives. 
The last section outlines the local planning environment within Dunedin City, including the 
actions of the Dunedin City and Otago Regional Councils in response to climate change, and 
the implications of these actions for the South Dunedin area. 
3.1 South Dunedin 
S.1.1 South Dunedin in the !Jpt Century 
For the purpose of this research, South Dunedin is taken to be the low-lying basin that exists 
to the south of Central Dunedin (see Figure 3.1). Although South Dunedin is officially 
defined as a suburb by Statistics New Zealand (2006), residents of Dunedin tend to refer to 
the area in a wider geographical context, with the low-lying topography commonly used to 
define its boundaries. From this point forward, South Dunedin is defined as the area of land 
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approximately 6.5km2 (see Figure 3.2). This includes all of the suburbs of South Dunedin and 
St Kilda and parts of the suburbs of Caversham, Andersons Bay, St Clair, Tahuna, Tainui and 
Musselburgh, plus the industrial area of Portsmouth Drive. 
South Dunedin is one of the most intensively-developed areas of Dunedin City, with 
approximately 11 500 people living within the study area boundary. The area is comprised 
mainly of industrial activities to the north, commercial activities in the centre, and residential 
activities extending beyond this (see Figure 3.3). To the far south west of the research area is 
also a small area of commercial and recreational activity including the St Clair Esplanade, 
Hot Salt Water Pool and a number of small cafes and restaurants . 
Figure 3.1: South Dunedin in relation to Dunedin City and the greater Otago Peninsula. 
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Figure 3.2: The research area, South Dunedin ( study area highlighted). 
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Residential activity accounts for approximately 75 percent of the land use within South 
Dunedin. There is a great deal of diversity with respect to the residents of area; there is a 
distinct gap that exists between deprivation levels of those in the south eastern suburbs of St 
Clair compared to some of the suburbs in the heart of the research area (see Figure 3.4). This 
diversity brings an additional element of complexity to the issue of sea-level rise, with those 





Figure 3.4: Deprivation Index of South Dunedin (Salmond et al. , 2007). 
Within South Dunedin and beneath the ground surface is an intricate network of Lifeline 
assets - the infrastructure that provides the essential services required for the daily operation 
of the city such as water, waste water and storm water services, roads and railway and 
emergency facilities and hospitals (Dunedin City Lifelines Project, 1998)_ As displayed in 
Figure 3.5, the Lifeline infrastructure not only services South Dunedin, but also plays a 
significant role in linking the Otago Peninsula with Dunedin City. South Dunedin is also 
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home to the city's largest wastewater treatment plant located at Tahuna. This plant treats 
approximately 35 million litres of wastewater per day from around 80,000 residents (Dunedin 
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Figure 3.5: Essential lifeline infrastructure within South Dunedin (data from the Dunedin City Council). 
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9.1.fJ The Evolution of South Dunedin 
The city of Dunedin is built on a weathered volcanic complex. Last active approximately 11 
million years ago, the now-extinct complex has been reduced to its present shape by fluvial 
and coastal erosion over this period (Forsyth et al., 1989). The area currently known as the 
Otago Peninsula (the mountainous area of land to the west of South Dunedin in Figure 3.1) 
was once an island, completely separate from the mainland. fu more recent times, a sand spit 
developed from around present day St Kilda (Forsyth et al., 1989). Over time, sand and silt 
built up behind the spit, creating a large tidal flat that eventually connected the island to the 
mainland; the area is now part of South Dunedin . 
When the first European settlers arrived in 1848 aboard the John Wickliffe and Phillip Laing, 
much of South Dunedin was an extensive tidal swamp (see Figure 3.7) (Mathews, 1989). It 
was early identified by the settlers as an ideal location for industrial development but the 
expense of reclaiming the land was initially deemed unviable. A large influx of people and 
money to the city during the gold rush of the 1860s, however, made reclamation of this land 
possible shortly afterwards (Mathews, 1989) . 
Figure 3.7: Dunedin, 1874, with South Dunedin tidal swamps still evident in the background (Source: James 
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Even though attempts were made to reclaim the land through infilling, much of the land 
remained uninhabitable for several years due to the lack of drainage and the swampy nature 
of the area. During high tide, the land would become boggy and impassable. Under such 
conditions, the most direct route into the city from the Otago Peninsula would take in excess 
of an hour by horse and cart, following along the foot of the hills to the west of South 
Dunedin on higher ground (McDonald, 1965). As demand for land increased, residents 
became more willing to accept such obstacles, with sales eventually generating interest 
around the eastern suburbs by 1874 (McDonald, 1965). 
By 1876, population growth saw housing expanding over the reclaimed flat land, and 
Dunedin's urban boundary stretching to the landward edge of the St Kilda / St Clair sand hills 
(See Figure 3.8). Flooding in St Kilda during coastal storms and extreme tidal conditions 
called for action, and the early residents planted marram grass, lupins, and trees in an effort to 
build up sand dunes and reduce the chance of future flooding (Aitken, 1975). The St Kilda 
Borough Council recognised that growth of the area depended largely on preventing the 
ocean from encroaching on housing, and made numerous attempts between 1876 and 1884 to 
obtain ownership of the sand hills from the Crown. The Crown finally vested the land to a 
newly-appointed Ocean Beach Domain Board in 1884 (Aitken, 1975). This move proved 
ineffectual, however, as the Board had no funds to undertake the protection work that the 
residents of the area demanded . 
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A series of storms between 1883 and 1894 resulted in extensive damage to property and 
railway lines between Forbury and Musselburgh, as well as the complete destruction of the St 
Clair esplanade. Residents blamed the government for the flooding, as sand was being 
removed from the sand hills for reclamation work in other parts of the city (Aitken, 1975). By 
1905, drainage and sewerage networks were installed to reduce the marshy characteristics of 
the area. In addition, more marram grass and lupins were planted between 1902 and 1929 to 
increase the height of the dune systems, and groynes and scrub fences were constructed along 
the beach to stabilise the sand and reduce erosion (Aitken, 1975) . 
Reclamation continued in South Dunedin well into the 21st century. Significant work was 
completed around what is now Portsmouth Drive during the 1970s to provide the necessary 
space for industrial development (see Figure 3.9). Although it is now approximately 2m 
above sea-level, Professor John Hannah of the University of Otago has noted that parts of this 
land are currently sinking due to the sheer weight of the infrastructure which lies upon it. 
(Hannah, pers. comm. 2008) 
Figure 3.9: Extensive reclamation work carried out on what is now Portsmouth Drive, 1965 (source Hacken 
Library). 
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:J.1.:J South Dunedin: Present and Future 
Of the land within the study area defined in Figure 3.2, approximately O. l lkm2 lies below 
mean sea level and approximately l.87km2 below Im above sea level (see Figure 1.1). Due to 
the low-lying topography of the area, the water table lies approximately 1.2 to 1.4m below 
the surface (Satterthwaite, pers. comm., 2008). When high spring tides and rainfall events 
coincide, or during a particularly wet year, it is not uncommon for open water to lie directly 
under houses in some areas (Willmott, pers. comm., 2008). As the water table responds to a 
rise in sea level, we can anticipate more frequent observations of such high water tables. 
In its present state, South Dunedin does not experience any coastal inundation. This is a result 
of the significant dune system which exists along the ocean beach adjacent to St Clair and St 
Kilda beaches. At present, these dunes successfully prevent water from encroaching upon the 
residential areas. Regular storm events, however, continually test the strength of these dunes. 
In recent years, coastal erosion along St Kilda and St Clair has become one of the Dunedin 
City Council's most pressing issues. Significant winter storms regularly diminish the dune 
systems and remove large quantities of sand from the beach, placing recreational areas and 
council assets at risk (DCC, 2007). 
The Dunedin City Council has employed a number of techniques in various attempts to 
reduce erosion. These methods have included 1) placing rocks at the base of the sand dunes 
to disperse wave energy, 2) embedding the dunes with sand sausages (large geotextile tubes 
filled with sand) to increase their strength, and 3) replenishing the beach with sand from other 
locations. In June 2007, Dunedin experienced its largest storm in 10 years (DCC, 2007). 
Waves exceeded 3m in height, sweeping away large areas of the dunes and exposing the sand 
sausages. While exposed, these sausages were slashed by vandals, causing further erosion. 
Emergency repairs were completed in a bid to slow the erosion; reno blankets (metal baskets 
holding rocks) were laid down to disperse the wave energy (DCC, 2008) and approximately 
20 000m3 of sand was artificially deposited to replenish the beach (DCC, 2007). If climate 
change exacerbates erosion, the cost of maintaining the dune systems will increase 
significantly in the long term. Fortunately, due to the height of the reclaimed land and the 
shelter that the harbour provides from erosion, inundation of South Dunedin originating from 
· the harbour is not issue. 
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South Dunedin will not be exempt from other effects of climate change. Although 
precipitation on the east coast of New Zealand is anticipated to decrease on the whole, an 
increase in extreme precipitation events is predicted (NZCCCO and MfE, 2001). For an area 
such as South Dunedin, which already has a high water table and drainage problems, such 
high rainfall events will put additional pressure on the existing stormwater drainage systems. 
Of even greater threat to South Dunedin, however, are the potential consequences of sea level 
rise. Already subject to significant erosion, the sand dunes along St Clair and St Kilda 
beaches will be even further undermined as the sea level rises and from an increased 
frequency of storm surges. A rise in sea level will increase wave heights and mean high tide 
location, as well as increase the ability of waves to erode the sand dunes. Wind is another 
significant factor driving coastal erosion, and is also expected to increase as a result of 
climate change. Wind itself can cause erosion and it also provides waves with additional 
strength. These factors combine to increase the erosion rates independent of sea-level rise. 
Climate change has the potential to have significant consequences on the future of South 
Dunedin. If the area becomes inundated as a result of sea-level rise, a significant number of 
people will be directly affected and, a significant amount of infrastructure will be potentially 
lost. The later chapters of this research will focus on this issue, identifying which areas of 
South Dunedin are most at risk to sea level rise and discussing potential methods to reduce 
this risk. 
3.2 International Planning Directives 
9.fJ.1 International Planning Directives for Responding to Climate 
Change 
The international community has long recognised that in order to combat the issue of climate 
change a global response is necessary. As early as 1979, the First World Climate Conference 
was called to discuss the global issue of climate change. A declaration was made at the 
conference, calling for "global cooperation to explore the possible future course of global 
climate and to take this new understanding into account in planning for the future 
development of human society" (IPCC, 2004: 2). It was at this conference that the current 
World Climate Programme (WCP) was established (see Figure 3.10 for the development of 
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United Nations (UN) General Assembly adopted resolution 43/53, which recognised that 
climate change should be dealt with within a global framework as climatic variables sustain 
all life on earth. Shortly afterwards, the WMO and the UNEP established the 
Intergovernmental Panel on Climate Change (IPCC) (United Nations, 2006). This panel was 
to become the greatest disseminator of climate change related information in the 21st Century. 
Development of Climate Change Convention 




First IPCC Report 
Second W odd Climate Conference 
J. 
UN General Assembly launches negotiations on 
an international climate change conventions 
J. 
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IPCC Second Assessment Report 
J. 
Conference of Parties 3 adopted the Kyoto 
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J. 
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World Summit on Sustainable Development 
IPCC Fourth Assessment Report 
Bali Action Plan 
Figure 3. I 0: Time line of International planning initiatives relating to climate change. 
In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) was one 
of three frameworks adopted at the Rio Earth Summit (NZCCP and MfE, 2001). The ultimate 
aim of the UNFCCC, which came into effect in 1994, is to stabilise greenhouse gas 
concentrations at a level that would prevent dangerous anthropogenic interference with the 
climate system (UNFCCC, 2008). The United Nations, one of the key international 
institutions acknowledging and responding to climate change, took further action by 
developing the Kyoto Protocol. Ratified in 1997, the Protocol sets legally-binding greenhouse 
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gas target levels in developed countries which have signed the Protocol. Member countries 
must achieve their targets between 2008 and 2012 (NZCCP and MfE, 2001). 
New Zealand ratified the Kyoto Protocol in December 2002, with the country committing to 
achieving greenhouse gas levels equal to that of the 1990s by 2012 (MfE, 2007). The 
protocol came into force in February 2005. The recently-released Emissions Trading Scheme 
has been developed to help achieve New Zealand's obligations under the Kyoto Protocol. 
While this scheme focuses largely on mitigation, as climate change advances, international 
concern is mounting regarding adapting to the climate change conditions we have already 
committed ourselves to as a result of greenhouse gas emissions over the past century. 
In the early years of climate change research, mitigation received a great deal of attention as 
countries required more evidence before they were willing to invest in adaptation measures 
(UNFCCC, 2006). As .a result, only three articles of the UNFCCC (articles 2, 3, and 4) refer 
to the notion of adaptation (defined in section 2.6) (UNFCCC, 1992). These articles require 
all parties belonging to the Convention to facilitate adaptation to climate change and to aid 
those countries that will have challenges bearing the costs of adaptation. At the 2007 United 
Nations Climate Change Conference (UNFCCC) in Bali, the Bali Action Plan was developed, 
which noted an increased need for action on adaptation (UNFCCC, 2007). Negotiations 
surrounding how to strengthen international agreements on climate change and increase 
adaptation awareness as outlined in the Bali Action Plan are not expected to be completed 
until the 2009 Climate Change Conference in Copenhagen (UNFCCC, 2007). 
S.S National Planning Framework 
It was not until the 2004 Amendments to the RMA were made that the issue of climate 
change was introduced into daily planning practice in New Zealand. The 2004 Amendments 
included a new provision, which requires that all people exercising functions under the RMA 
are to have particular regard to 'the effects of climate change' (New Zealand Government, 
1991, section 7(i)). Prior to this inclusion, the effects of climate change could be loosely 
associated with sections 30(1)(c)(iv) and 31(1)(b)(i), which require regional councils and 
territorial authorities, respectively, to control land uses in order to avoid or mitigate natural 
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authorities. Due to the hierarchy of planning legislation, the addition of section 7(i) has 
subsequent effects on the planning framework beneath the RMA. Figure 3.11 summarises this 
hierarchy. At the top of the chain, immediately below the RMA are the National Policy 
Statements and National Environmental Standards. The purpose of National Policy 
Statements is 'to state objectives and policies for matters of national significance that are 
relevant to achieving the purpose of this Act' (New Zealand Government, 1991, section 45). 
Only two national policy statements currently exist, The New Zealand Coastal Policy 
Statement and the National Policy Statement on Electricity Transmission, with a third, the 
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Figure 3.11: Hierarchy of planning legislation within New Zealand (amended from Bell et al., 2001, p. 56). 
63 
Chapter 3: South Dunedin and the Planning Framework 
Under section 60 of the RMA, it is mandatory for there to be at least one regional policy 
statement for each of the 12 regional councils and 5 unitary authorities in New Zealand. The 
purpose of these statements is to 'provide an overview of the resource management issues of 
the region and policies and methods to achieve integrated management of the natural and 
physical resources of the whole region' (New Zealand Government, 1991, section 59). In 
addition, it is mandatory for regional councils to prepare a Regional Coastal Plan (New 
Zealand Government, 1991, section 64(1)). Neither the regional policy statement nor the 
Regional Coastal Plan may be inconsistent with any national policy statement or New 
Zealand Coastal Policy statement and must give effect to its provisions. 
At the bottom of the hierarchy are district plans which largely control the use and 
development of land. District Plans are mandatory (New Zealand Government, 1991, section 
73(1)), must give effect to any national policy statement, the New Zealand Coastal Policy 
Statement, and any regional policy statement. In addition, the district plan must not be 
inconsistent with any regional plan, if one exists (RMA, 1991). 
S.S.1 National Sea-level Rise Directives 
The New Zealand Coastal Policy Statement (NZCPS) is the overarching policy for managing 
the coastal environment, where the coastal environment is comprised of (DOC, 2008): 
a) The coastal marine area, 
b) Land and waters where coastal qualities or influences are a significant part or element, 
c) Land and waters affected by active coastal processes, 
d) Areas at risk from coastal hazards, 
e) Coastal vegetation and habitat, and 
f) Landscapes and features that contribute to the natural character, visual qualities, or 
amenity values of that environment. 
The Minister of Conservation recently released an amended NZCPS for public consultation. 
Submissions on the proposed NZCPS closed on the ih of May, 2008. The Board of Inquiry 
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In comparison to the NZCPS 1994, the proposed 2008 version has a number of new policies 
which specifically require the consideration of climate change and sea level rise. First, 
proposed policies 27 (b) and (g) require that any land reclamation of the coastal marine area 
must anticipate the impacts of climate change over at least the next 100 years. Second, 
proposed policy 51 ( e) requires policy statements and plans to identify areas potentially 
affected by coastal hazards, having particular regard to: 
" ( e) the effects of climate change on: 
(i) matters (a) to (d) above1; 
(ii) stonnfrequency, intensity and surges; and 
(iii) coastal sediment dynamics; 
taking into account the most recent available national guidance on the likely 
effects of climate change on the region or district." 
Last, proposed policy 54 discusses structures in relation to coastal hazards, requiring local 
authorities to take into account the expected effects of climate change over at least the next 
100-year time frame. Provided that the proposed NZCPS does not undergo drastic changes as 
a result of the hearings process, once completed, all Regional Coastal Plans, Regional Policy 
Statements, and District Plans will be required to be amended in order to give effect to these 
policies. 
The Ministry for the Environment has published various guidance documents for community 
groups and local government in relation to climate change, and more specifically, its potential 
effects on coastal margins. In 2001, 'Planning for Climate Change Effects on Coastal 
Margins' was released. This report was intended as an educational tool for resource managers 
and planners, with an emphasis on providing an understanding of the underlying impact of 
and issues surrounding climate change and sea-level rise. It also promoted thinking about 
mitigation or adaptation strategies for coastal communities. The Ministry for the Environment 
later released the 'Coastal Hazards and Climate Change' guidance manual of 2004 which 
1 Where a to d are as follows: 
(a) short-term natural dynamic fluctuations of erosion and accretion; 
(b) long-term trends of erosion or accretion; 
(c) slope stability or other geotechnical issues; 
(d) the potential for natural coastal features and areas of coastal hazard risk to migrate as a result of dynamic 
coastal processes, including sea level rise; 
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provided more detailed information for local authorities on possible decision-making 
frameworks based on risk assessment and potential response options. 
In a further recently-released guidance manual, the Ministry for the Environment has 
identified risk assessment as a technique that can be integrated into the local government 
regulatory, assessment, and planning processes (MfE, 2008a). 'Climate Change Effects and 
Impact Assessment' provides a background to climate change and its effects on local 
government functions, followed by a step-by-step guide to risk assessment and how to 
integrate it into the decision-making process. An amended version of the 'Coastal Hazards 
and Climate Change' report accompanies this document, providing specific directions on how 
to assess risk for coastal areas. 
Although the Ministry of the Environment has published a number of guidance manuals to 
address the effects of climate on coastal environments, whether they are used and what 
strategies are developed is at the discretion of local government. The proposed NZCPS, if 
accepted, means that local governments will be forced to consider the impacts of climate 
change on coastal environments, however, only to the extent outlined in the NZCPS. The 
national planning framework allows the Minister of the Environment to introduce a national 
policy statement to address climate change and sea-level rise in more detail, however, until 
this occurs, having "particular regard" to the effects of climate change is the strongest 
statutory requirement that currently exists in New Zealand planning legislation. 
3.4 Local Planning Context 
South Dunedin lies within the jurisdiction of two authorities, the Otago Regional Council 
(ORC) and the Dunedin City Council (DCC). Both councils are gaining momentum in 
addressing climate change, and are beginning to integrate potential climate change issues into 
the planning process where possible. At present, neither council has high-level strategies or 
plans to address climate change. Possibly as a result of the jurisdictional boundaries between 
regional and district council functions and the requirement of both councils to plan for 
hazards, there appears to be uncertainty around which council should develop and administer 
plans for the potential consequences of sea level rise. 
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3.4.1 Dunedin City Council 
The DCC, as a territorial authority, is primarily responsible for controlling the effects of land-
use activities on the environment and vice versa. The hazards section of the fully-operative 
Dunedin City District Plan 2006 includes a number of provisions relating to sea-level rise and 
notes in its introduction that although the effects of sea level rise are not expected to be felt 
during the term of this District Plan, it is important that today's planning decisions consider 
the predicted effects of sea level rise to ensure that life and property are not placed at 
unnecessary risk in the future (DCC, 2006a). The Plan also acknowledges that due to the 
intensity of development on the low-lying area of South Dunedin, 'mitigation' works will be 
required as sea level rises. Issue 17 .1.3 of the Plan notes that, in the past, development has 
been located in areas that seemed appropriate at the time. South Dunedin is one of these 
locations and, as a result, the council will complete mitigation works in this area. However, 
this is only stated in the introduction of the 'Hazards' chapter of the District Plan, with no 
provisions directly stating this fact. 
To date, although the issue is embedded within the District Plan, there is no long-term sea-
level rise strategy for South Dunedin or the greater Dunedin area. At the beginning of 2008, 
the council began the process of creating the Ocean Beach Long-Term Management Plan. 
This plan was in response to ongoing erosion problems along St Clair and St Kilda beach. 
Despite no formal sea level rise strategy or management plan existing in relation to South 
Dunedin, the DCC has begun to consider how sea-level rise might impact council functions. 
Recent roading upgrades along Portobello Road provide an example of this change of 
attitude, being designed in a manner that allows for the road to be gradually elevated over the 
next 50 years. 
3.4.~ Otago Regional Council 
Under the Resource Management Act, regional councils are primarily responsible for 
resources such as the air, water, soils, and the coastal marine area (12 mile limit to Mean 
High Water Spring). The ORC's responsibility for the coastal marine area suggests that some 
of the issues relating to sea level rise fall within their jurisdiction, particularly as the location 
of mean high water spring creeps landward. 
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To date, limited work has been completed by the ORC in relation to climate change and, 
more specifically, the implications that it will have on coastal margins. In 2004, a light 
detection and ranging (LIDAR) survey was completed using optical remote sensing 
techniques to collect high-accuracy elevation data of the Otago coastline and other low-lying 
areas within the region. Since the LIDAR data has been collected, storm surge and tsunami 
modelling has been completed for the Otago coastline. However, no modelling of the effects 
of sea-level rise has been completed . 
As required by the RMA, the ORC has produced both a Regional Policy Statement and a 
Regional Coastal Plan for Otago. Following the 2004 Amendments to the RMA (including 
section 7(i)), the ORC reviewed these documents and concluded that no provisions in their 
plans were inconsistent with the amendments. Although no inconsistencies exist, in the same 
report they did note that the new amendments of the RMA could be used in the future to 
strengthen the council's planning documents if necessary. The provisions of the Policy 
Statement and the Coastal Plan that relate specifically to sea-level rise are identified and 
discussed in the following sections. 
Otago Regional Policy Statement 
The Otago Regional Policy Statement provides an overview of the direction that the council 
would like to head in relation to sea-level rise. The most specific of the provisions is policy 
8.5.8, which requires that the best available international estimate of sea-level rise should be 
incorporated into regional and district planning frameworks. Although not explicitly defined, 
sea-level rise and storm surges fall within the category of natural coastal processes and, 
therefore, the provisions relating to natural hazards within Chapter 11 of the Regional Policy 
Statement may also be relevant in addressing sea level rise. 
Otago Regional Plan: Coast for Otago 
As discussed in section 3.3.1, the Otago Regional Plan for the Coast 2001 must give effect to 
the NZCPS. Consequently, the ORC has included provisions relating to sea level rise in the 
Regional Plan: Coast. 
Provisions relating to sea level rise exist mainly within chapters 8 (Structures), 9 (Alterations 
of the Foreshore and Seabed), and 14 (Natural Hazards) of the Regional Plan: Coast and are 
68 
Chapter 3: South Dunedin and the Planning Framework 
in the form of issues, policies, and objectives. The main issues relating to sea- evel rise 
surround the potential for structures located within the coastal marine area to be damaged as a 
result of sea level rise (Issues 8.2.6 and 14.2.1). To counter these issues, an all-encompassing 
objective has been developed to take into account the natural physical coastal processes when 
considering structures and reclamations in the coastal marine area (objective 8.3.4). In order 
to achieve this objective and address the general issue of sea level rise, policies suggest that 
an extra 0.3m of height should be designed into new structures or reclamations within the 
coastal marine area (Policies 8.4.7 and 9.4.9). 
3.5 Conclusion 
South Dunedin is particularly vulnerable to sea level rise. The history of the area and the 
fragility of the dune system strongly suggest that it is not unimaginable for South Dunedin to 
experience both temporary and permanent coastal inundation in the future as a result of sea 
level rise. Due to the large amount of infrastructure that exists within the area and the sheer 
number of people and their relative level of social deprivation, even a small rise in sea level 
could have significant consequences for the area. 
As climate change becomes more evident and harder to ignore, planning initiatives are 
gathering speed in addressing this issue. Although emphasis was originally placed on 
mitigating the effects of climate change, a recent urgency has been placed on beginning to 
develop methods to adapt to climate change. Within New Zealand, the planning framework 
has acknowledged this future threat by including section 7(i) into the Resource Management 
Act. Although not mandatory, the Ministry for the Environment has recently released a series 
of reports which encourage local government to assess the potential consequences of climate 
change for their jurisdictional area. Using these reports as a guide, the remainder of this 
report will focus on identifying which areas of South Dunedin are most at risk to sea-level 
rise. The following chapter provides an in-depth look at the methodology used by the 





The previous three chapters have provided the theoretical and contextual basis for this 
research. The following chapter outlines the methodological approached used to determine 
South Dunedin's level of risk of coastal inundation from sea level rise. 
The primary aim of this study was to assess South Dunedin's level of risk to global warming 
induced coastal inundation. Using a human centred approach, focus was placed on the risk of 
people and essential 'day to day' infrastructure such as transportation, drinking water, storm 
water and sewage networks. 
The chapter begins with a discussion surrounding the theoretical research approach most 
appropriate for fulfilling the research aim and objectives. A brief commentary of the possible 
risk assessment techniques available is followed by a justification for the method selected. 
Finally, the design of the research is described in detail, including a discussion on scenario 
development, risk assessment and possible risk treatment. To conclude, the limitations of the 
research design are explored. 
4.1 The Research Approach 
The overarching aim of this research is to assess the potential consequences of sea level rise 
on South Dunedin and identify potential adaptation responses. Due to the broad scope of the 
research aim, a number of intermediary steps or research objectives were developed. 
Systematically completing each of the research objectives provided a series of conclusions 
which were then used to answer the overall aim. The research objectives are as follows: 
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sea level rise under each scenario. 
To identify the most vulnerable areas of South Dunedin. 
To assess the risk to South Dunedin under a range of sea level rise scenarios. 
Review techniques or methods which could be employed to avoid or remedy the 
consequences sea level rise in South Dunedin. 
There are two main overarching paradigms that exist in social research, positivist and 
interpretive research (Davidson and Tolich, 2003; Sarantakos, 2005). Positivism focuses on 
applying natural science methods and practices to social science questions (Miller and 
Brewer, 2003), with the intention of exploring, explaining, evaluating, predicting and testing 
theories (Sarantakos, 2005). In comparison, the second key paradigm, interpretive research, is 
focused on understanding people (Saratakos, 2005). This research primarily employs a 
positivist paradigm, manipulating quantitative data using a Geographic Information System 
(GIS). 
Quantitative research is described by Davidson and Tolich (2003) as the kind of research that 
deals with numbers, or more specifically, the numerical measurement of specific 
phenomenon. Point, line and polygon datasets are used within GIS, each with x,y and z 
coordinates describing the spatial location and the associated attribute table describing the 
data characteristics. A range of mathematical calculations can be made to these datasets to 
determine the risk of South Dunedin being inundated due to sea level rise. Using data in such 
a way falls within the category of quantitative research. However, qualitative approaches were 
used for objectives 1 and 4. 
4.2 Research Design 
To establish the level of risk that sea level rise poses for South Dunedin a range of research 
methods were used. The following section outlines in detail the main methods used within 
this research. 
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4.!2.J Literature Review 
All social research involves the use of secondary data sources. Literature reviews are a 
valuable secondary data source, as their multifaceted dimension allows them to be integrated 
into numerous stages of the research process (Davidson and Tolich, 2003). In the initial stages 
of research development, a brief review of the literature helps to create a statement of the 
problem and developing the context of the research. Once the context has been developed, an 
in depth analysis of the literature will unravel key concepts and ideas, demonstrate the 
relevance of the research and make important linkages with the existing body of knowledge 
(Davidson and Tolich, 2003). Through making these connections, any gaps that exist in the 
body of knowledge are easily identified. Exploring the literature can also identify potential 
methods and techniques which may be suitable for the study (Sarantakos, 2005). 
In the initial scoping of this report, the literature was examined to establish the context of 
climate change, its processes and potential issues that could result. The findings of the initial 
scoping exercise were used as the basis to develop the aim and objectives for this research. 
An in depth and critical review of the literature was then completed. This set the theoretical 
context of the research and provided an explanation of the key concepts required to 
understand the research. By conducting a review of books, journal articles, websites and local 
government, national government and international reports, the key concepts surrounding sea 
level rise were identified. The core discourses around sea level rise became evident through 
the literature. 
A general consensus can be identified within the literature that sea level rise is occurring and 
will continue to occur for at least the next century. There is also a general agreement that 
action needs to be taken promptly to address sea level rise to reduce its impacts in the future. 
To determine how threatened a particular area is from sea level rise the literature was 
explored to identify techniques that could be used to determine how best to assess the impact 
of sea level rise. Although the assessments varied greatly, they generally fell into one of three 
categories; vulnerability assessment, risk assessment and adaptation assessment. For reasons 
outlined in section 4.2.3, the risk assessment process outlined by the Ministry for the 
Environment (2008a, 2008b) was adopted, with elements of the GIS based risk assessment 
outlined by Lindley et al. (2006) integrated into it. Both of these assessment techniques 
required future sea level rise scenarios to be developed. These scenarios were selected by 
exploring scenarios identified in the literature and selecting the most appropriate for South 
72 
Chapter 4: Methodology 
Dunedin, based on reputation of the author and the significance of error. These scenarios and 
associated sea level rise estimates provided the data required to achieve objective 1. 
4.f!.f! Case Studies 
A case study approach was used for this research. Case studies arose out of the desire by 
social scientists to comprehend social phenomenon in their natural context (Miller and 
Brewer, 2003). A case study is not a research method for data collection, but is a research 
model which employs a number of methodologies and analysis techniques (Bromley, 1986 in 
Sarantakos, 2005). Case studies can be multiple or singular in their approach, with Yin (2003) 
stating that singular case studies are justified when: 
1. It represents a critical case in testing a well formulated theory; 
2. The case represents a rare or unique circumstance; 
3. It is representative or typical case; 
4. It is a revelatory case; or 
5. It is a longitudinal case at two or more different points in time. 
To allow in depth analysis to occur, a single case study was chosen. During a Climate Change 
symposium organised by the Dunedin City Council in late November, 2007, areas within 
Dunedin which are vulnerable to future sea level rise were identified. Subsequent discussions 
by the researcher with representatives from Dunedin's local authorities, the Dunedin City 
Council and Otago Regional Council, led to South Dunedin been selected as the most 
preferred case study site for research on the impacts of sea level rise. A single case study 
approach was justified as it is representative of a number of low lying New Zealand urban 
areas, potentially revelatory given the lack of other such studies in the region, and is based on 
two points of time - 2050 and 2090, thus meeting three of Yin' s (2003) five criteria above. It 
is also worth noting that it is necessary to assess impacts of sea level rise at a case study level 
as this is the only way that impacts can be assessed in a holistic way. 
4.f!.S Risk Assessment versus Vulnerability Assessment 
There is a range of assessments available which can be used to determine how threatened a 
particular area is to a particular hazard. For this research, the hazard is sea level rise. In the 
73 
Chapter 4: Methodology 
literature review, two main categories of assessment techniques were identified, vulnerability 
and risk assessments. 
Vulnerability, risk and adaptation are three closely related concepts. As defined in section 2.4, 
vulnerability is 'the degree to which a system is susceptible to and unable to cope with, 
adverse effects of climate change, including climate variability and extremes' (IPCC, 2007c: 
883). When wanting to establish the areas of South Dunedin that are most threatened by sea 
level rise, vulnerability will only identify the areas which are vulnerable for any particular 
hazard. In this definition, vulnerability does not take into consideration the hazard that will 
reveal the vulnerability of an area. Therefore, due to the underlying definition and focus of 
vulnerability assessments, they were not thought to be sufficient to address the aim of this 
study and specifically objectives 2 and 3, therefore were not suitable to use in isolation for 
this study. 
The notion of risk and the process of risk assessments was another potential technique 
explored for this research. As discussed in section 2.5, risk is a function of hazards and 
vulnerability. 'Displayed in Figure 4.1, risk occurs when a hazard overlaps with a vulnerable 
area. The aim of this research was to assess the potential consequences of sea level rise for 
South Dunedin. Using a risk assessment technique could incorporate an assessment of the 
spatial coincidence of vulnerable elements with areas exposed to or likely to be inundated by 
sea level rise, thereby assessing the consequences of sea level rise. Using such a risk 
assessment technique would also help achieve research objectives 2 and 3, relating to 











Chapter 4: Methodology 
4.3 The Risk Assessment Process 
In order to determine the threat of coastal inundation in South Dunedin (research objectives 2 
and 3), the risk assessment process outlined by the Ministry for the Environment in 'Climate 
Change Effects and Impact Assessment' was adopted (MfE, 2008a). This process is 
fundamentally the same as the Australia New Zealand Risk Management Process (Standards 
New Zealand, 2004); however, it has been slightly amended by the Ministry to fit the New 
Zealand sea level rise context. Within the literature, authors such as Lindley et al. (2006) have 
integrated GIS techniques into the risk assessment process. Due to the significant advantage 
that using a spatial assessment provides, it was decided to integrate a GIS centred approach 
into the risk analysis stage of the process. In doing so, risk can be assessed spatially, 
providing an indication of the spatial distribution of potential adaptation responses which may 
be required. This is a function which the Ministry for the Environments process does not 
include. This section provides a detailed description of the six step risk assessment process 
shown in Figure 4.2. For the purpose of this research, the risk analysis stages have been 
amended to allow for a spatial assessment of risk to be conducted using GIS methodology. 
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4 .9.1 Pre Resear ch Screening 
Before the research process began, a screening assessment was completed for South Dunedin. 
A screening assessment provides an initial overview of the potential impacts that a particular 
climate change variable will have on a particular locality and determines whether a more 
formal risk assessment is warranted (MfE, 2008a). As outlined in Table 4.1, the assessment 
evaluates the likely effects that a climate change variable will have on council functions, 
services and activities (MfE, 2008a). For this research, the screening assessment was used to 





Table 4.1: Screening assessment (adapted from MfE, 2008a) 
Question 
I. Is there an existing problem that may be exacerbated by climate 
change? 
2. Is there a foreseeable problem that may be caused or exacerbated 
by climate change? 
Is this a complex issue? (eg. Locating a new suburb as opposed 
to locating one house) 
Is the location sensitive to climate change? (eg a flood plain as 
opposed to bedrock hillside) 
Is it a permanent long term change? (eg. Locating a new suburb 
as opposed to permitting development of a campsite) 
Does it involve a lot of infrastructure and services provided? (eg. 
In an urban area as opposed to being remote rural) 
7. Is an initial screening analysis based on a sea level rise scenario of 0.5m by 2100 
justified? 
8. Does this scenario based initial screening analysis indicate that material climate 
change impacts might occur? (A screening analysis must be performed in order to 
answer this 9!:!estion). 













4 .S.£ Establishing the Risk Context 
Step 1: Context 
1.1 Define the strategic context. 
1.2 Define the organisational context. 
1.3 Define the climate change and risk assessment 
context. 
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To begin the risk assessment process the context for the research was established. The context 
involved identifying relevant local authority strategic plans, local authority assets, functions 
and activities, a description of the research area and the stakeholders within it. These features 
comprised the strategic context (MfE, 2008a). The organisational context was then defined . 
This involved identifying the goals and objectives of the local authority and is described in 
Chapter 3. The IT systems and data available for the risk assessment including a range of GIS 
layers (lifeline and elevation data, and aerial photographs) were provided by the Otago 
Regional and Dunedin City Councils. 
To complete stage 1, the climate change and risk assessment context was established. This 
involved identifying the issues that sea level rise could pose for South Dunedin and discussing 
the anticipated outcomes of the risk assessment process. These elements which comprise stage 
1.3 are found within the Chapters 1 and 2, the introductory chapter and the sea level rise 
section (2.2.2) of the literature review. Some elements of stage 1 can also be found within 
Chapter 3 . 
4.9.S Identify the Risk 
Step 2: Identify hazards and describe risks 
2.1 Identify localities by land use, natural resources, 
development and services provided. 
2.2 Identify hazard type based on current and historical 
information. 
2.3 Identify long term changes in hazard due to climate 
change or other process. 
2.4 Choose the consequence scenario and time 
reference. 
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To begin this phase, the research boundary was defined and the current land uses within the 
boundary identified. As the research concerns the low lying area of South Dunedin, the 
research boundary only included those areas of South Dunedin which lie below 10m in 
elevation. Any significant infrastructure which existed within the research area was also 
identified. For this research, 'significant' infrastructure consisted of the facilities and services 
which were identified by the Dunedin City Lifelines Project (Dunedin City Lifelines Project, 
1998) as being essential for the daily operation of the city. For the South Dunedin area, this 
included any transportation (road and rail), water (waste, storm and drinking), 
telecommunications and electricity networks and any emergency services (police, ambulance, 
hospitals and fire services). 
Identifying the risks also involved exploring the current and historical behaviour of the natural 
and human environment. Acknowledging the range of activities and events that have occurred 
within the area allows a better understanding of what may happen in the future. Sea level rise 
scenarios, as required by objective 1, were also developed at this stage to determine the future 
of risk for South Dunedin. How these scenarios were developed and selected is discussed in 
detail in Chapter 5. 
The scenarios to use for the risk assessment were determined using the literature to identify 
the most likely climate change and associated sea level rise scenarios to occur over the next 
century. This also included making assumptions about the future state of the community 
socially and economically. Due to a lack of available data, economic and social conditions for 
South Dunedin were assumed to remain constant. South Dunedin is already highly developed; 
therefore, there is little room for expansion. As a result, it was assumed land use activities will 
remain relatively constant, with industry potentially becoming higher in density. Loss of 
human life due to sea level rise was assumed to be nil, due to its gradual onset. 
Two points of time were selected to assess the level of risk, 2050 and 2090. Through using 
two points of time, if sea level rises at a slower or greater rate than assessed in this study, the 
wide range of estimates used will provide an indication of how at risk areas are for given sea 
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4.S.4 Analyse the risk 
Step 3: Analyse the risk 
3.1 Assess consequences of hazard occurring. 
3.2 Assess likelihood of hazard scenario. 
To analyse the consequences of sea level rise occurring, a spatial approach was employed. A 
spatial based risk assessment approach provides a direct means of assessing the spatial 
dimension of risk and the spatial response that may be required (Lindley et al., 2006). The 
spatial assessment outlined by Lindley et al. (2006) is based on the equation: 
Risk = hazard x vulnerability and is depicted in figure 4.3 and outlined below . 




Figure 4.3: Overview of the GIS elements in the South Dunedin risk assessment methodology . 
To create the final image which depicts how at-risk various areas of South Dunedin are to sea 
level rise, a number of intermediary steps were required. This involved modelling the extent 
of sea level should it rise in the future, modelling the spatial distribution of vulnerable 
elements such as people and lifeline infrastructure, then finally overlaying the two images to 
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develop the final risk layer. To maintain transparency, a detailed description of how each 
layer was created is discussed below. 
Vulnerability Layer 
The vulnerability layer represents the spatial distribution of vulnerable receptors (Lindley et 
al., 2006) and was created through analysing the spatial distribution of human and 
infrastructure vulnerability. For this study, elements defined as 'lifelines' were used to 
represent vital infrastructure and a social deprivation index was used to represent a number of 
demographic variables, including income, home ownership, support, employment, 
qualifications, living space, and access to communication and transportation (Salmond et al., 
2007) 
The spatial distribution of lifelines was determined using 50m by 50m grids of the study area. 
Significantly larger grids of 5km by 5km were used by Lindley et al. (2006), however, their 
research area encompassed the whole of Greater Manchester, an area of approximately 
1280km2• The research area for this study was approximately 6.5km2• Although an even 
smaller grid size for this research would have created a higher resolution and thus a more 
accurate vulnerability layer, the huge processing time to create smaller grids (such as 20m by 
20m, 1 Om by 1 Om and 5m by 5m) rendered it unviable. The total quantity of lifeline 
infrastructure within each of the 2839 grids was then calculated. 
Lifeline infrastructure within each grid was calculated two ways. The first method included 
calculating the total length of water, sewage and wastewater pipes, roads and rail. Authors 
such as Blong (2003) and Kaly et al. (1999) opt to use density of infrastructure, when 
determining vulnerability; however, only line data was available therefore density was not an 
option. In addition, the number of vital point features or nodes within each grid was 
calculated. Such features included pumping stations, treatment plants, emergency services and 
sewage, waste water and storm water junctions. Similarly, the size and location of some 
nodes, especially those underground, make determining the density of infrastructure once 
again difficult. As a result, the total sum of nodes within each grid was calculated. Once the 
length of lifeline infrastructure and the sum of lifeline nodes layers were created, each was 
systematically reclassified using percentiles (>95t\ 80th, 65th, 50th and <50th percentile), with 
those in the highest percentile containing the most lifeline infrastructure and therefore the 
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To evaluate the vulnerability of the human element of sea level rise, a deprivation index was 
used. Based on the deprivation index created by the University of Otago Wellington: School 
of Medicine and Health Science, the vulnerability index was constructed through integrating 
the census variables outlined in Table 4.2 below (Salmond et al., 2007). Social deprivation 
was used because research has shown that those in highly-deprived areas are often least able 
to adapt to challenging new situations and are without the resources to do (UNFCCC, 2007). 
The social deprivation layer was reclassified to reduce the number of deprivation categories 
from 10 to 5, with 5 being the most deprived and 1 the least. This created the same number of 
categories for each of the vulnerable elements, allowing them to be easily overlaid . 
Table 4.2: Census variables included with the Social Deprivation Index (developed by Salmond et al., 2007) 
Dimensions of deprivation Variable description (in order of decreasing weight) . 
Income People aged 18-64 receiving a means tested benefit. 
Income People living in equivalised households with income below an income threshold. 
Owned Home 
Support People aged <65 living in a single parent family. 
Employment People aged 18- 64 unemployed. 
Qualifications People aged 18 -64 without any qualifications. 
Living Space People living in equivalised households below a bedroom occupancy threshold. 
Communication People with no access to a telephone. 
Transport People with no access to a car. 
To create the vulnerability layer which spatially represented those areas which contained the 
most vulnerable elements, the lifeline layers and the social deprivations layers were overlaid. 
Using the classification identified by the MfE (2008a), the vulnerability of each grid was 
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Table 4.3: Level of impact for a locality ( amended from MfE, 2008a, 2008b ). 
Designation Impact 
Catastrophic 














Huge financial losses involving many people and/or corporations 
and/or local government, 
Large term loss of services, 
Permanent loss of many peoples homes, 
Loss 0f significant parts of infrastructure networks requiring 
reinstatem~nt or relocation. 
Major financial losses for many individua"i and/or a few corporations, 
Some long term impacts on services, 
Some homes permanently lost, 
Loss requiring reinstatement of parts of infrastructure network . 
The hazard layer displays the likelihood of a particular hazard occurring at a particular time 
(Lindley et al., 2006). Drawing on estimates discussed by various authors within the 
literature, sea level rise estimates were selected for two points in time, 2050 and 2090. The 
final estimates selected were based on recommendations provided by the Mffi (2008b: 21) 
and the upper bands of the IPCC estimates (IPCC, 2007b: 8). Upper bands of estimates were 
used as it was believed that it is best to cover the potential risk in a conservative way and be 
prepared for a higher sea level rise should it occur. This approach was supported by Rob Bell, 
Sea Level and Circulation Patterns scientist of from the National Institute of Water & 
Atmospheric Research (NIWA) and the co-author of many of the Ministry for the 
Environment's guidance documents, including the recently released 'Coastal Hazards and 
Climate Change' (Rob Bell, pers comm., 2008). 
To create the hazard layer, high accuracy elevation data was required. Light detection and 
ranging data (LIDAR) data was obtained from the Otago Regional Council with an accuracy 
of± 0.046m. Using this data, a digital elevation model (DEM) of the area was created with a 
lm x lm resolution. The DEM was then reclassified to reflect the selected sea level rise 
estimates. In Dunedin, mean high tide is approximately 0.9m. Therefore to represent future 
mean high tide, 0.9m was added to any future sea level rise estimate, as recommended by the 
Dunedin City Council's GIS specialist, Rob Garrett (Rob Garrett, pers comm., 2008). 
Due to the large amount of uncertainty that exists surrounding sea level rise, each sea level 
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probability. The classification scheme used was established by the Ministry for the 
Environment (2008a, 2008b) and is outlined in Table 4.4. Each sea level rise estimate used 
was assigned a likelihood based on the Ministry's descriptions in Table 4.4. This is discussed 
further in Chapter 5. 
Table 4.4: Sea level rise estimates used in the risk assessment process. 
Likelihood 






--Is ex ected to ha en 
Will probably happen 
--Mig>:.!h;:;.:t o::.;:c.::.cu~r _______ _. 
Unlikely-to occur, but possible 
- I Hi hl unlike! butconceivable. 
Sea Level Rise 
estimates 
recommended b : 
To depict the spatial coincidence of sea level rise and the urban landforms with the research 
area, the hazard image for each level or likelihood for 2050 and 2090, and the urban 
morphology image were overlaid. The urban morphology used was adapted from urban 
morphology layers generated by Associate Professor Claire Freeman of the University of 
Otago (Freeman, 2007). Although not used in the final risk assessment, Lindley et al. (2006) 
carried out this step to develop an understanding of the types of land use activities which may 
be affected by future sea level rise. 
4.9.5 Evaluate the Risk 
Step 4: Evaluate the risk 
To determine the overall risk of South Dunedin to sea level rise, the vulnerability layers and 
hazard layers were overlaid. Using the criteria set out by the Ministry for the Environment 
(2008a), the final image was classified into five categories ranging from extreme risk to no or 
negligible risk (Table 4.5). The final risk image provides an indication of the spatial 
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Table 4.5: Risk Threshold Categories (from MJE, 2008a, 2008b).Classificationsfor 'likelihood' and 
'consequences' are derived from previous Tables 4.3 and 4.4). 
Year 
Likelihood 
A (almost certain) 

















H: High risk, high priority for action, begin planning as soon as practicable . 
M: Moderate risk, include in response planning, but lower priority. 
L: Low risks, minimal action likely to be required, monitor the situation. 
None: Negligible risk, no response required . 
4.9.6 Risk Treatment 






The final stage for the risk assessment process is risk treatment (as outlined by objective 4). 
This involves determining and implementing adaptation measures to reduce the risk evaluated 
in the previous stage. Physically treating the risk was beyond the scope of this research. As an 
alternative, a review of potential techniques or methods which have been employed overseas 
to address sea level rise was carried out. The outcomes of this review are covered in Chapter 
7. 
4.9. 7 Communication and consultation 
Ongoing consultation is essential for the success of the risk assessment process and 
consultation with both internal and external stakeholders should be completed at each stage of 
the process. Due to the scope and time restraints of this research, consultation was limited to 
discussing the project with Otago Regional and Dunedin City Council staff. A large amount 
of information required for this assessment was obtained through the Otago Regional Council 
and the Dunedin City Council documents and reports. Where further clarification was 
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stakeholders provided by both councils at the start of the research process. Communication 
was made with the following people: 
Name Position Association 
Rob Bell Sea level and circulation pattern specialist NIWA 
Rob Garret GIS Specialist Dunedin City Council 
John Hannah Surveyor 
Iain Satterthwaite Waste water Specialist Dunedin City Council 
Tracey Willmott Waste Water Specialist Dunedin City Council 
As all of the data came or can be sourced from public documents, no ethical approval was 
required. 
4.4 Research Limitations 
As with all research, there are limitations in the methodology used. This section outlines the 
methodological limitations of the research approach and discusses the attempts made to 
restrict these limitations. 
As discussed in detail in section 2.2.2 there is a large degree of uncertainty that surrounds all 
of the climate change variables. Therefore, the starting point for this research - sea level rise, 
inherently has a degree of error or uncertainty even before any data has been manipulated. 
The IPCC note in their Fourth Assessment Report 2007 that 'because understanding of some 
important effects driving sea level rise is too limited, this report does not assess the 
likelihood, nor provide a best estimate or an upper bound for sea level rise' (IPCC, 2007c: 
45). The risk assessment process used requires the likelihood of the hazard to be determined. 
Ascribing likelihood in the case of sea level rise is an educated guess rather than a technical 
selection due to the uncertainty which spans across the various drivers. As a result, a 
qualitative index was used, as it allows for likelihood of sea level rise to be fuzzy in its 
interpretation rather than definitive. 
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A significant element of sea level rise which was not modelled in this research was the impact 
of storm surges. A combination of sea level rise and a storm surge will give waves the ability 
to penetrate even further inland than waves during a regular high tide. The intensity of a storm 
surge will vary due to factors such as the intensity of the storm, the height of high tide and the 
seasonality of tides. Due to their complexity and lack of easily available data, storm surges 
were not modelled in this research, potentially making the sea level rise models conservative. 
Another factor which was not modelled in this study was the stability of the St Clair and St 
Kilda sand dunes. It is unknown how long the dunes will be maintained to protect South 
Dunedin and it is also unknown at which point they would breach if maintenance was halted. 
For this study, it was assumed that the dunes have been breached and that the area was no 
longer being protected from coastal erosion. 
An advantage of using a GIS based approach to assess risk is that it allows risk to be observed 
spatially. However, using such a tool does bring additional elements of uncertainty into the 
methodology. Data within the GIS is only as accurate as its source. The lifeline data used had 
horizontal accuracies ranging from ±0.15m for water, stormwater and wastewater networks, 
±0.Sm for road centrelines and ±2m for railway. Due to the large grid size of 50m by 50m, 
these errors would be expected to have a minor impact on the overall result. The social 
deprivation index was based on the 2006 census data, therefore may not be reflective of all of 
the people within the meshblock, especially if some residents did not complete the census or 
have shifted into or out of the area since the last census occurred in 2006. 
Other elements of the GIS input data also limited the final results. A 50m by 50m grid of 
South Dunedin was used due to the extensive processing time of smaller grid sizes. The large 
grid size results in the data being generalised in large blocks, reducing its ability to effectively 
portray the truly vulnerable areas. For the hazard layer, while the accuracy of the LIDAR data 
was extremely high, the LID AR data only covers approximately 80% of the research area (as 
shown in Figure 4.4). Areas where LIDAR data was missing had to be interpolated so a DEM 
could be created. All of these elements played some role in reducing the accuracy of the final 
result: 
Another significant limitation was the lack of consultation. Due to the complicated nature of 
sea level rise, the potential misinterpretation of results by the community and time restraints, 
consultation was kept to a minimum. This allows for potential biases and assumptions to be 
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made. To reduce this wherever possible, contact was made with relevant stakeholders at the 
Otago Regional and Dunedin City Councils to ensure that any data selections or assumptions 
made could be soundly justified. 
Figure 4.4: Area with missing LIDAR data. 
4.5 Conclusion 
This chapter has outlined the research approach used in this study, and described the risk 
assessment process used. It has provided a theoretical justification for the positivist approach 
and the use of quantitative methods. The literature review was used to define the problem 
statement, identify gaps within the literature and also to inform the methodology through 
identifying sea level rise scenarios. Additionally it contributed to addressing research 
objectives 1 and 4. A case study approach was used due to the specific nature of the results 
and the limited time to complete the research over a greater geographical area. The risk 
management approach selected comprised a combination of the approach recommended by 
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the Ministry for the Environment and a GIS based approach outlined by Lindley et al. (2006). 
Utilising a GIS approach provides a spatial indication of the dimension of risk and potential 
adaptation measures. 





Sea Level Rise and South Dunedin 
5.0 Introduction 
In order to establish if South Dunedin was at risk from sea level rise, various sea level rise 
scenarios were required. Scenarios provide a description of how the future may evolve, based 
on a set of assumptions about key drivers (MfE, 2008a). For the risk assessment process 
outlined by the Ministry for the Environment, climatic (sea level rise), social and economic 
scenarios are required for the timeframe that the assessment is completed for. The following 
chapter outlines a range of climatic, social and economic scenarios predicted for the next 
century and discusses the suitability of using those scenarios for the risk assessment of South 
Dunedin. 
5. I Pre Research Screening Analysis 
The screening assessment follows the process outlined in section 4.3.1. To justify the need for 
an in depth assessment of the effect that sea level rise will have on Dunedin, a high level 
screening assessment was completed. The intention of this assessment was to provide an 
initial overview of the likely impacts that sea level rise would have on South Dunedin, with 
the results suggesting whether a complete, quantitative (and semi qualitative) risk assessment 
was required. 
To begin the screening assessment two questions had to be addressed regarding hazard 
drivers. These questions explored whether there is an existing or foreseeable problem that 
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may be exacerbated by climate change (Table 5.1). As discussed in chapter 3, South Dunedin 
is low lying and is protected from the sea primarily by the dune system which exists along St 
Clair and St Kilda beaches. Maintaining these dunes is fundamental to the protection of the 
area, as if these dunes are breached, water will penetrate into the low lying areas of South 
Dunedin, potentially inundating residential housing and council infrastructure even under the 
current situation. Throughout history, these dunes have been subject to significant coastal 
erosion, with a recent storm in June 2007 removing large sections of the dune system and 
exposing some of the underlying dune protection mechanisms. Thus, there is an existing 
problem within South Dunedin - erosion, which may be exacerbated by climate change 
(Question 1 of Table 5.1). As sea level rises, erosion is anticipated to become more severe and 
storm surges are expected to increase in height and frequency. In addition, a corresponding 
rise in the already high water table may occur. These are all foreseeable problems which may 
be caused or exacerbated by climate change (Question 2 of Table 5.1). 
The next phase of the screening assessment was to determine the complexity, sensitivity, 
duration and extent of the sea level rise hazard. As shown in Figure 3.3, South Dunedin is 
heavily developed. If the area were to become inundated from sea level rise, houses, 
businesses and schools would be lost, along with lifeline infrastructure (Figure 3.5). To 
relocate these features would be extremely costly and disruptive to Dunedin City. In relation 
to Question 3 of Table 5.1, 'yes' was selected in response to 'Is this a complex issue?'. In 
regards to Question 4, South Dunedin was built upon unconsolidated estuarine silt, sand and 
stream alluvium (Glassey et al., 2003), making the land particularly vulnerable to the effects 
of erosion. In addition, the area is made further sensitive to the effects of climate change as 
the land is flat and low lying, allowing water to penetrate large areas with relative ease. The 
permanency of the change as asked within Question 5 will be long term, with areas becomfog 
permanently inundated as sea level rises. Large amounts of assets and infrastructure will be 
being threatened by the rise (Question 6). 
Thus far, qualitatively, South Dunedin is vulnerable to sea level rise. The next phase of the 
screening analysis required a more quantitative approach to establish whether a complete risk 
assessment was required. Figure 5.1 was created to address Question 7 - 'Is an initial 
screening analysis based on a sea level rise scenario of 0.5m by 2100 justified?' and Figure 
5.2 to address whether ' ... the scenario based initial screening analysis indicate that material 
climate change impacts might occur?' (Question 8). Figure 5.1 displays the areas of South 
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Dunedin likely to be inundated in a 0.5m rise of sea level. Assuming sea level will rise 
uniformly across the research area; these areas are likely to be most significantly impacted by 
a 0.5m rise in sea level. Overlaid onto a land use map (Figure 5.2), there is potential mainly 
for a loss of residential housing and lifeline infrastructure, with some education and industrial 
activities also impacted. 
Table 5.1: Results of the screening assessment for sea level rise in South Dunedin. 
Characteristic Question 1m·,l'W~l'lm-o·-·m 
Is there an existing problem that may be exacerbated by climate ./ 
change? 
Is there a foreseeable problem that may be caused or exacerbated 
by climate change? 
Is this a complex issue? (eg. Locating a new suburb as opposed 
to locating one house) 
Is the location sensitive to climate change? (eg a flood plain as 
opposed to bedrock hillside) 
Is it a permanent long term change? (eg. Locating a new suburb 
as opposed to permitting development of a campsite) 
Does it involve a lot of infrastructure and services provided? (eg. 
In an urban ea as o osed to being remote rural)~-:::'!:':"'~= 
7. Is an initial screening analysis based on a sea level rise scenario of 0.5m by 2100 
justified? 
,/ 
Does this scenario bas.ed initial screening analysis indicate that material climate 7 
change impacts might occur? (A screening analysis must be performed in order to 
answer this guestiol!) ....... ___ _ 
9. Should a full risk assessment be done for this issue? 
These results of the risk screening assessment as summarised in Table 5 .1 show that a full risk 
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Figure 5.1: Area of South Dunedin likely to be inundated by a 0.5m rise in sea 
level. 











b} Likely to be inundated by a O.Sm rise 
Figure 5.2: Land use map with area which lies below 0.5m in elevation overlaid. 
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.5.2 Climate Scenario 
In order to do a full risk assessment, sea level rise estimates have to be developed. These 
estimates largely depend on different climate change scenarios. As discussed in section 2.2.2 
there is no unanimous agreement on the extent and impacts of climate change, nor is there 
agreement on how far and to what extent sea level will rise. The magnitude of these factors 
will largely depend on the world's ability to reduce greenhouse gas emissions and find 
innovative, low carbon or carbon neutral replacements for fossil fuels. The most rigorously 
assessed and internationally accepted climate change scenarios are those published by the 
IPCC. The following section discusses the IPCC's emission scenarios and what can be 
expected under each. Sea level rise scenarios from various sources are then discussed, with 
the most appropriate for this research selected and justified. 
5.£.J The IPCC Emission Scenarios 
In light of improved understanding of the driving forces of climate change, the IPCC released 
in 2000, the second edition of 'Special Report: Emissions Scenarios'. The aim of the report 
was to identify potential ways in which the future might unfold (IPCC, 2000), and to provide 
an appropriate tool to analyse how various driving forces may influence future greenhouse gas 
emissions. Due to the large number of uncertainties in future climate change as well as the 
unknown direction in which the world will evolve, four overarching categories of emission 
scenarios were developed (IPCC, 2000). 
In total there have been 40 emissions scenarios developed by the IPCC. These scenarios 
generally fall into one of the four categories, Al, A2, Bl or B2. Al scenarios assume a world 
of very rapid economic growth, population growth that peaks around the 2050 before slowly 
declining and a time of rapid advancement of new and efficient technologies. Regional 
differences in income per capita are significantly reduced under this scenario, while the 
cultural and social interactions between global regions are greater than at present (IPCC, 
2000). The Al family is unique, in that whilst maintaining the overarching characteristics 
outlined above, it is further separated into three additional scenarios, with each one having a 
different technological emphasis. 
The least damaging of the 'A' family is scenario AlT. This scenario promotes technological 
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estimated that surface temperature will rise between 1.4 to 3.8°C by 2090-2099, and sea level 
will rise by 0.2 to 0.45m for the same time period (Table 5.2). Scenario AIB promotes 
technological development which focuses on using a balance of all energy sources. Although 
the increase in surface temperature ( 1. 7-4.4 °C) is estimated as being a lot higher than A 1 T, 
estimated sea level rise for Al T and AIB are almost the same (0.21-0.48m by 2090-2099). 
The final of the A family is the fossil fuel intensive AIFI scenario. This scenario has the least 
desired outcome of all of the IPCC scenarios, with an estimated surf ace temperature increase 
of between 2.04-6.6°C and a sea level rise of between 0.26 to 0.59m by 2090 to 2099 (IPCC, 
2007b) . 
Table 5.2: IPCC Sea level rise estimates based on six emission scenarios for 2090 to 2099. 
Sea Level Rise Estimate (m) 
The A2 scenario differs from the Al family as development focus is regionally centred and 
global population continues to grow. Under this scenario, emphasis is placed on self reliance 
and preservation of local identities, with economic development following this trend, being 
regionally rather than globally orientated (IPCC, 2000). Surface temperature and sea level rise 
predications for the A2 scenario is the second highest, with an estimated increase in 
temperature by 2.0 to 5.40°C and sea level by 0.23 to 0.51m (IPCC, 2000). This reflects the 
slow technological change of this scenario, in comparison to other scenarios with higher 
technological development (with the exception of AlFl which uses fossil fuel as its main 
energy source). 
B 1 is the lowest of all of the emission scenarios developed by the IPCC. This scenario is one 
of a converging world with same global population as A 1 (peaking mid century and declining 
thereafter) but with more rapid change in economic structures towards service and 
information economies which is assumed to cause a significant decrease in energy intensity. 
B 1 scenarios are ecologically friendly (Schneider and Lane, 2006) and promote global 
solutions to economic, social and environmental sustainability. As a result, the lowest 
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increase in temperature and sea level are expected under this scenario, with a sea level rise of 
only 0.18 to 0.38m anticipated by 2090 to 2099 (IPCC, 2007b). 
The final of the IPCCs scenarios is the B2 family. Unlike B 1 scenarios, B2 places emphasis 
on local solutions to economic, social and environmental sustainability. Population growth is 
continuous, but at a slower rate than A2 (IPCC, 2000). This world is orientated toward 
environmental protection and social equity, but at local and regional levels rather than 
globally. Due to the local and regional emphasis, technological development is diverse, but 
less rapid than other scenarios (IPCC, 2000). Surface temperature increase for this scenario is 
the same as AlT, with sea level rise estimates being slightly less at 0.20 to 0.43m by 2090-
2099 (IPCC, 2007b). 
5.!2.!2 Uncertainty in the IPCC Estimates of Sea Level Rise 
As discussed in section 2.2.2, there is a large degree of uncertainty surrounding the future 
extent of sea level rise. In previous assessment reports outlined by the IPCC, sea level was 
estimated to rise between 0.13 to 0.94m by 2100 in the Second Assessment Report 1995 and 
0.09 to 0.88m in the Third Assessment Report 2001 (Albritton et al., 2001). In light of 'new 
and more reliable evidence', the recently released Fourth Assessment Report 2007 has 
reduced this estimated rise even further to between 0.18 and 0.59m by the period 2090 to 
2099. 
For other climate change variables such as surface temperature, the IPCC have provided a mid 
range, best estimate or upper bound value. However, due to the lack of certainty about some 
of the key drivers of sea level rise, in the 2007 Fourth Assessment Report such values are not 
provided, instead a range is indicated (IPCC, 2007b). The sea level rise estimates, as 
discussed in section 2.2.2 do not accomodate for uncertainties in the climate-carbon cycle, nor 
do they account for changes in ice flow, primarily due to the lack of peer reviewed, published 
work in this area (IPCC, 2007b). For this reason, the IPCC estimates may be considered 
conservative. Future contributions from the Greenland and Antarctic Ice Sheets are included 
within the sea level rise estimates in Table 5.2, but only assuming that the flow rate is equal to 
that experienced between 1993 to 2003. Due to the unquantifiable nature of climate change, 
there is potential for the flow rate to be greater or even less than that experienced from 1993 
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0.2m of sea level rise over an above the values provided in table 5.2 (IPCC, 2007b ). This is 
depicted as the dark blue band in Figure 5.3. 
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Figure 5.3: Projections of global sea level to the mid 2090s. The black and grey shading show the decadal 
averaged global sea levels and associated uncertainty. The light blue shading shows the range in projected mean 
sea level out the 2090s. The dark blue line shows the potential additional contribution from Greenland and 
Antarctica Ice Sheets if contributions to sea level rise were to grow linearly. The vertical coloured lines on the 
right show the range in projections from the various emission scenarios (JPCC, 2007a). 
For the purpose of this research, solely relying on the IPCC sea level rise estimates as a 
source of data for the risk assessment was deemed unsuitable. There is a large degree of 
uncertainty surrounding how far sea level will rise to in the future, with a number of variables 
contributing to this uncertainty. Many of the decisions that planners make on a daily basis can 
have long term implications (MfE, 2008b) especially due to the permanency of some 
structures. The IPCC estimates do not consider the effects of the climate-carbon feedback 
cycle, or the potential accelerated melt of the Greenland and Antarctic Ice Sheets. The 
Resource Management Act requires in situations where there is a high level of uncertainty 
that a precautionary approach be taken. For this reason, it was necessary to explore other 
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5.fl.S The Ministry for the Environment - Sea Level Rise Estimates 
In response to the release of the Fourth Assessment Report 2007, the Ministry for the 
Environment released the second edition of Coastal Hazards and Climate Change (MfE, 
2008b). Using the IPCC sea level rise estimates as a base, the Ministry developed a range of 
estimates which they encourage local councils to consider when planning for sea level rise or 
making decisions which have long term implications . 
For short decision making and planning timeframes, the Ministry developed two groups of sea 
level rise estimates (Table 5.3). Separated into decades, the first value is the base sea level rise 
allowance that should be accommodated within the local planning and decision making 
framework. The values to the right of the table are higher values which provide an additional 
buffer to accommodate for the occurrence of accelerated sea level due to factors of 
uncertainty such as ice sheet melting rates. For timeframes up to 2090, the Ministry 
recommends using a base sea level rise of 0.5m and 'At the very least, all assessments should 
consider the consequences of a mean sea level rise of at least 0.8m ... ' (MfEb, 2008: 20) . 
Table 5.3: Sea level rise estimates to consider in planning and decision making process ( MJE, 2008b ). 
Timeframe Base Sea Level Rise Allowance Also consider the consequences of sea 
level rise of at least: 
-
2030 - 2039 0.15 0.20 
2040-2049 0.20 0.27 
2050-2059 0.25 0.36 
2060-2069 0.31 0.45 
2070-2079 0.37 0.55 
2080-2089 0.44 0.66 
2090-2099 0.50 0.80 
Beyond 2100 I 0mm per year 
Since the release of the IPCCs Fourth Assessment Report in November 2007, further research 
has been published in relation to sea level rise (MfE, 2008b). Using the global circulation 
model (model used to evaluate future sea level rise estimates) from the Third Assessment 
Report 2001, Rahmstorf (2007) has estimated that sea level will rise from between 0.55 to 
1.25m by 2100 (0.5 to 1.4m with statistical error). Using the global circulation model from 
the recently released Fourth Assessment Report, Horton et al. (2008) estimate a rise of 0.54 to 
0.89m by 2100. Although these estimates are identified within the report 'Coastal Hazards 
and Climate Change' (MfE, 2008b ), they are not included within the sea level rise estimates 
97 
Chapter 5: Scenario Development: Sea Level Rise and South Dunedin 
to consider in the first instance as shown in Table 5.3. They are instead located with the 
estimates that include additional contributions such as accelerated ice melt and should only be 
used as upper limits. For points of time beyond 2090, the MfE recommend allowing for an 
additional 10mm per year of sea level rise, over and above the levels provided in Table 5.3. 
5.£.4 Scenario selection for Risk Assessment of South Dunedin 
To ensure the success of the risk assessment of South Dunedin, a range of sea level rise 
estimates were required. Using a number of estimates with a variety of likelihoods allows for 
a diverse range of sea level rise scenarios to be considered. The IPCC estimates, as 
mentioned, do not accommodate for an accelerated melt of the Greenland and Antarctic Ice 
Sheet. Using only these estimates for the risk assessment would produce a result which did 
not consider the potential consequences of an accelerated sea level rise. As a result of the need 
to take a precautionary approach, a combination of the estimates from the IPCC, the MfE and, 
for the upper limits, the recently published estimates by Rahmstorf (2007) were used. 
Two timeframes were selected for this risk assessment, 2050 and 2090. Few sea level rise 
estimates were found within the literature which provided values for 2050. As a result, values 
from the MfE estimates for short time frames (Table 5.3) were used. The risk assessment 
process by the MfE utilises a classification system with five likelihoods of 'almost certain', 
'likely', 'possible', 'unlikely' and 'rare'. The IPCC scenarios do not use this terminology due 
to the uncertainty which surrounds the estimates. Therefore, selecting a classification for a sea 
level rise estimate requires an educated guess (Rob Bell, pers. comm., 2008), informed by the 
best available data. The 'likelihoods' were chosen on the following basis. 
For 2050, only three estimates were selected (Table 5.4) to match the likelihoods. Although 
there is a well documented 'commitment' to sea level rise even with no further emissions, the 
extent of this rise to 2050 is difficult to quantify. As a result, no value was selected for the 
category of 'almost certain'. A rise of 0.2m was selected as being 'likely', based on the 
Ministry for the Environment's recommended allowance for 2040 to 2049. 0.25m was 
selected as 'possible', based on their 2050-59 allowance and 0.36m as being 'unlikely to 
occur, but possible', being the upper allowance recommended by the Ministry for the 
Environment (2008b) (see Table 5.3). 
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literature, census data and an evaluation of the current nature of the area, social scenarios for 
2050 and 2090 were developed. 
The most frequently referred to social scenarios used for climate change related issues are 
those of the IPCC. Although not a great amount of detail is provided, under the emission 
scenarios Al and B 1, global population peaks around the middle of the century, and declines 
thereafter. Under scenarios A2 and B2, population growth is continuous. These projections 
only provide a general trend rather than a numerical value by which population is anticipated 
to grow. The IPCC social scenarios were used as a base to indicate the direction of population 
growth in South Dunedin, rather than to provide specific value. 
The social scenarios of a location in the future will be site specific, with each location having 
different driving forces which encourage the direction and type of growth. According to the 
2006 Census, Dunedin City experienced a 3.8% (4341) growth in population between 2001 
and 2006 (Statistics New Zealand, 2006). However, in this timeframe, parts of South Dunedin 
were found to have experienced a minor decrease in population. Slow but steady population 
growth is anticipated for Dunedin City in the coming years, however, due to South Dunedin's 
91 to 100% occupancy rate (DCC, 2006b), it is unlikely that this area will absorb the added 
growth. 
South Dunedin is already highly developed, with there being little room for expansion beyond 
its current boundaries. In 2006 the DCC conducted the 'Residential Capacity Study' which 
identified areas where additional dwellings could be constructed to accommodate future 
population growth (DCC, 2006b ). South Dunedin has some of the highest density residential 
housing within Dunedin City, with areas such as Forbury and St Kilda having approximately 
25 and 16 dwellings per hectare respectively. This study did identify a few locations where 
additional dwellings could be accommodated within the research area, however, they were 
limited in number and size. Based on the limited room to expand and the high occupancy rate, 
for the purpose of this research, the population of South Dunedin was assumed to remain 
static over the period 2006 (date of the last census) to 2090. If a small increase or decrease in 
population were to occur, this would not greatly alter the results of this risk assessment. 
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5.4 Economic Scenario 
Future economic scenarios are hard to predict due to the strong influence of the global 
economy on the New Zealand market. Economic growth is anticipated under all of the IPCC's 
emission scenarios. As discussed in the Section 5.3, scenarios within the Al family are 
expected to experience rapid economic growth; A2 scenarios focus on regional growth; a 
move towards a service and information economy is expected under B 1 scenarios; and B2 
scenarios experience a gradual but not rapid development of the global economy (IPCC, 
2000). As discussed earlier, the IPCC scenarios for economic growth do not provide the 
specific details required to predict the economic development of South Dunedin. As a result, 
these scenarios were not used for the risk assessment of South Dunedin. 
It is difficult to quantify the future economic state of South Dunedin. As already noted, there 
is limited capacity for residential activity within South Dunedin to expand beyond its present 
boundary and density. There is some room for the expansion of industrial activity within the 
industrial zone, however any increase in this area is likely to occur within the bounds of the 
industrial zone, on vacant land or areas which are not currently maximising industrial activity. 
As a result of the limited capacity to expand, the economic situation is anticipated to remain 
the same, relative to surrounding areas of Dunedin. 
At present, South Dunedin is one of the lowest socio economic areas of South Dunedin. As 
depicted in Figure 3.4, much of the area is classified as being the 'most deprived' within New 
Zealand. However, the deprivation index is a relative scale, not absolute. As a result, when 
looking at New Zealand or even Dunedin as a whole, there will almost always be a section of 
society who is more 'deprived' than other sections of society. Although the local economy of 
Dunedin may experience highs or lows within the next 100 years, it is assumed that this will 
be experienced uniformly across the city. Therefore, relative to the rest of Dunedin, the socio 
economic status was assumed to remain the same as at present. 
5.5 Climate Change Assumptions 
Sea level rise is not an issue that should be considered in isolation. The consequences of sea 
level rise may compound with additional climate change variables to create threats of even 
greater proportions to low lying coastal communities. For the purpose of this research, a 
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number of assumptions were made when developing scenarios due to the complexity of 
determining the effects of all climate change variables on South Dunedin. The following 
section outlines the assumptions made within the scenarios. 
5.5.J Erosion - St Kilda / St Clair Sand Hills 
Although low lying, South Dunedin has two barriers protecting it from sea level rise, the St 
Clair and St Kilda sand dunes to the south, and the area of land reclaimed during the 1970s to 
the north (Portsmouth Drive area) (see Figure 3.1). As sea level is not anticipated to rise more 
than 1.25m by 2090, it is unlikely that the Portsmouth Drive area will be breached and 
permanently inundated in the near future as this is over 2m above sea level and well 
consolidated. The sand dunes however, are already subject to significant erosion and pose the 
greatest threat to the research area should they be breached. The results of this research 
assume that the sand dunes have been breached; therefore the results present what can be 
expected if the sand hills are eroded to point where water penetrates inland on a regular or 
permanent basis. 
5.5.g Storm Surges 
Climate change is anticipated to cause changes in storm conditions, significantly affecting 
coastal areas such as South Dunedin. Changes in the frequency and magnitude of storm 
surges and storm tides, and in swell and wave conditions are expected to increase the intensity 
of severe storms (MfE, 2008a). The intensity of a storm surge will vary due to factors such as 
the intensity of the storm, the height of high tide and the seasonality of tides. As these factors 
change regularly, and are highly complex, they become difficult to model. There is no reliable 
information on the impact of sea level rise on specific locations over time in New Zealand. 
Therefore, storm surges were not included in this research, potentially making the sea level 
rise scenarios conservative. 
5.5.S Precipitation 
As discussed in section 2.2.2, precipitation can play a role in the magnitude of future sea level 
rise and coastal erosion. Precipitation controls the flow patterns of rivers, with a decreased 
flow rate resulting in a decrease in sediment carrying capacity. Climate change is expected to 
cause a reduction in the amount of precipitation received in Central Otago. The Clutha River 
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flows through Central and Coastal Otago before reaching the ocean approximately 80km 
south of Dunedin. This river is one of the primary sources of sediment to St Clair and St Kilda 
beaches. If precipitation decreases, the ability of these beaches to replenish themselves 
naturally will be reduced due to the decrease in sediment supply. Once again, it is not possible 
within the scope of this research to model the flow and change in the characteristics of 
sediment supply, but again the result of this research may be conservative from being unable 
to take these effects into account. 
5.6 Conclusion 
As discussed within Chapter 2, the IPCC are the main international disseminators of climate 
change information. As a result, sea level rise estimates provided by the IPCC are most 
frequently referred to within the literature. The suitability of the most recent IPCC sea level 
rise estimates was evaluated, but due to the exclusion of factors which could cause a 
significant increase in sea level over a short period of time, such as an accelerated melt rate of 
the Greenland Ice sheet, solely using these estimates would not provide results which would 
reflect a diverse range of sea level rise estimates. To overcome this issue, estimates from the 
Ministry for the Environment and from research conducted since the release of the IPCC' s 
Fourth Assessment Report were used. Two time frames were chosen to be evaluated, 2050 
and 2090, with estimates of 0.20. 0.25 and 0.36m used to estimate the risk of sea level rise for 
2050 and rises of 0.5, 0.59, 0.8 and 1.25m used for 2090. 
To complete the risk assessment, in addition to sea level rise estimates, social and economic 
scenarios needed to be developed and modelled. Due to the limited capacity for South 
Dunedin to expand both socially and economically, it was assumed that South Dunedin's 
social and economic state would remain static, relative to the rest of Dunedin City. Having 
developed climatic, social and economic scenarios for South Dunedin over the next 50 and 
100 years, these scenarios could then be used to analyse and evaluate the overall risk of sea 



















Risk Analysis and Evaluation 
6.0 Introduction 
Risk assessments are a powerful tool to use to identify and analyse the impact of potential 
hazards on the community. The outcomes of a risk assessment can offer important 
information for consideration when developing local government policy and planning 
priorities (MfE, 2008b ), providing a clear direction for where risk management needs to be 
implemented for a particular hazard in a particular location. To understand the effect that sea 
level rise will have on South Dunedin, a complete risk assessment of the area was carried out. 
Using the scenarios developed in Chapter 5, the risk that sea level rise poses for South 
Dunedin was evaluated for three time frames: 2008, 2050 and 2090. 
The following chapter outlines the results of stages 3 and 4 of the risk assessment process 
shown in Figure 6.l(and discussed in detail in section 4.3). To maintain transparency, 
assessing the consequences and likelihood of sea level rise are discussed separately, followed 
by an evaluation of the risk of South Dunedin to sea level rise. 
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6.1 Assessing Hazard Likelihood 
Using the sea level rise scenarios developed in the previous chapter (Table 5.4), a range of sea 
level rise estimates were modelled. Through using a GIS modelling technique to display 
potential sea level rise, the likelihood of sea level rising by a particular value at a particular 
time and space could be assessed. 
6.1.1 Modelling Hazard under the Sea Level Rise Scenarios 
Mean high tide along St Clair and St Kilda beaches is approximately 0.9m above sea level. 
To model the present day likelihood of the sea inundating South Dunedin, all areas below 
0.9m in elevation were assumed to be at risk of inundation. These areas are displayed in 
Figure 6.2a and are the most susceptible to the effects of sea level rise as they already lie 
below the elevation of high tide. However, this does not imply that they are currently 
inundated with water. 
The areas illustrated in Figure 6.2a as being 'likely' to be affected in the current scenario are 
currently protected by the St Kilda and St Clair sand dunes. One of the key assumptions of 
this research was that the dune system would be breached, allowing water to penetrate inland. 
At present, the dune system does not look likely to breach, but modelling the effects of a 
breach if it were to occur enables an understanding to be developed as to the level of risk that 
sea level rise poses to these areas. Another factor which was not modelled but needs to be 
considered when interpreting the images in Figure 6.2 is topographic connectivity. 
Topographic connectivity, which allows water to flow from areas of higher elevation to areas 
of low elevation, would have to exist between the ocean and low lying areas to allow water to 
flow into South Dunedin (Haplin and Poulter, 2007). Upon reaching the low lying areas, 
water would pool or gather. In essence Figure 6.2 displays the extent of pooling if the sand 
hills were breached and topographic connectivity existed, but with no allowance of storm 
surges or king tides. These assumptions apply for all 3 'likelihood' scenarios. 
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Figure 6.2: Likelihood of sea level rise extending inland. a) Present day likelihood, b) Likelihood in 2050, c) Likelihood in 2090. 
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For 2050, Figure 6.2b shows that there is significant potential for sea level to threaten South 
Dunedin, even for a small rise of between 0.2 to 0.36m. If the dunes are breached in 2050, a 
significant area of South Dunedin, approximately 2.03km2, is 'likely' to be inundated by 
water. Although a rise of 0.25m and 0.36m are classified 'possible' and 'unlikely' 
respectively, the amount of additional inundation they contribute to the total amount of land 
mass inundated is minimal. 
The extent of the impact by 2090 changes significantly from the extent in 2050. A rise of 
0.5m by 2090 is classified 'likely' and depicted in Figure 6.2c. Under this scenario, 
approximately 2.55km2 would be lost through inundation. Mean tide elevation under a 0.5m 
rise in sea level would equate to an approximate mean tide elevation of 1.40m (mean tide 
height plus sea level rise). A rise of mean tide height of this value would increase the daily 
rate of erosion along the sand hills. Combined with a significant storm and associated storm 
surge, there is a major threat that the dunes will be frequently breached or permanently 
collapse as a result of the additional strength of the wind and waves. Fortunately, the area of 
reclaimed land to the east of South Dunedin is approximately 2m in elevation. Due to its 
elevation and the shelter the harbour provides from erosion, it is unlikely to rare that sea level 
rise will affect this area. 
Another threat which was not modelled but requires mentioning is the influence that an 
'unlikely, but possible' rise will have on the water table. Water tables along coastal margins 
are predicted to increase in response to sea level rise (MfE, 2008b). At present, the water table 
in South Dunedin lies on average between 1.2 to 1.4m below the surface (Satterhwaite, pers. 
comm., 2008). Even a small rise in sea level may cause an increase in the water table, 
however the true response of the water table in the future is unknown. Under the worst case 
scenario, if an increase in the water table responds at the same rate as sea level rise, an 
unlikely but not inconceivable rise of 1.25m may potentially bring the water table to the 
surface. In this situation, even if the dunes were maintained through coastal defence 
mechanisms, flooding may begin to occur from the ground up. 
6.1.fJ Land Use Threatened 
Although not used the within risk assessment process itself, Lindley et al. (2006) combined 
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them to quantify which land use activities will be most affected by sea level rise. Table 6.1 
shows the results of this with Figure 6.3 displaying the land use activities affected by a 
'likely' rise in sea level by 2090-99. As residential activity is the predominant activity within 
South Dunedin, residential land loss is predicted to be the greatest with a loss of between 
1.59km2 to 1.74km2 by 2050 and l.87km2 to 2.47km2 by 2090. A number of schools are also 
affected at both timeframes . 
The loss of sand dunes, dune grassland and amenity/open space directly behind St Clair and 
St Kilda beaches was not included within Table 6.1. As it is unknown where a breach will 
occur, it is not known how much amenity and open space land would be lost. Therefore, the 
amount of amenity and open space lost as listed in Table 6. ldid not include those areas 
directly behind the sand dunes. Similarly, it was not known how the sea wall located along the 
St Clair esplanade would respond to sea level rise. As a result, the values in Table 6.1 can be 
said to underestimate the loss of this land . 
Table 6.1: Area of land lost to sea level rise based on land use activities ( all values in km2 ). 
2050 2090 
Land Use V.2m 
o.Ts 
0~03]f o.o3J [ -o:o:u 
Amenity I Open space 
Built up 
Commercial 0.01 0.02 0.04 0:06 0.07 
Industrial 0.10) ! o.1iJ1·· ··· o:16Jt · o.22J [ oE 
Residential 1.59 1.63 1.74 1.87 1.96 2.18 2.47 
Schools o:o3] l 0.03] 1 0.03]1 o~psJI .. o.Q1JI 0.11]1 o]I 
Other 0.10 0.10 0.11 0.11 0.12 0.12 0.l4 
TOTAL LAND LOSS: Lo3JL ii uL i.22JE:i.s5J I 2:12 II 3.2611 3.9Ji 
6.1./1 Constraints in modelling hazard 
To model sea level rise in South Dunedin, LIDAR data from a survey completed in 2004 was 
obtained from the Otago Regional Council. Using this data, a digital elevation model or DEM 
was created. LID AR surveys are expensive to conduct due to the specialised equipment and 
time required to collect the high accuracy data. Unfortunately, when collecting the data, a 
large segment of South Dunedin was missed, as shown in Figure 4.4. To obtain elevation data 
within the missing strip, interpolation was used. Using the data from the LIDAR survey and 
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interpolate or estimate the elevation of the missing area. This is evident in the final elevation 
model, with a distinct segmentation of the data occurring in the un-captured space. 
Another key assumption made when modelling the hazard of sea level rise was the use of the 
'bath tub' or 'zero side rule', the most common approach used when modelling sea level rise. 
This approach assumes that a grid cell will become flooded if its elevation is less than the 
projected sea level (Haplin and Poulter, 2007). As mentioned briefly in section 6.1.1, using 
this approach does not consider the connectivity between cells (Haplin and Poulter, 2007) and 
the need for there to be an appropriate topographic path for the water to reach a depression or 
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6.1.4 Conclusion 
There is a strong likelihood that a large part of South Dunedin may become inundated by the 
ocean within the next century. At present, a small area of South Dunedin is already subject to 
the hazard of being inundated, with this hazard only further expanding over the next 50 to 100 
years. A key assumption is the deterioration and breach of the St Clair and St Kilda dunes. 
The effect of a breach reinforces the crucial importance of maintaining the dune system. 
In order to determine the risk of South Dunedin to sea level rise, an in depth analysis of the 
receptors, or elements likely to be significantly disrupted by sea level rise was required. The 
following section explores the spatial coincidence of receptors in order to evaluate the 
vulnerability of South Dunedin to sea level rise. 
6.2 Vulnerability to Sea Level Rise 
Continuing with the methodology outlined by Lindley et al. (2006), the vulnerability of South 
Dunedin had to be determined. Vulnerability to climate change has been described by the 
IPCC (2007c: 883) as 'the degree to which a system is susceptible to, and unable to cope 
with, adverse effects of climate change, including climate variability and extremes'. The 
spatial distribution of vulnerable receptors, such as people and infrastructure were located and 
combined to create an image highlighting the most vulnerable areas of South Dunedin. In 
order to retain an appropriate level of transparency, the following sections separately discuss 
the vulnerable receptors within South Dunedin, followed by the final vulnerability layer. 
6.£.1 Deprivation Index 
The first vulnerable receptor within South Dunedin to be explored was humans. It has been 
proven that deprived nations, groups or individuals are most vulnerable to climate change 
because they have fewer resources to adapt socially, technologically and financially 
(UNFCCC, 2007). Within South Dunedin are some of the lowest socio economic areas of 
Dunedin City. As depicted in Figure 3.4, much of the area is classified in the national 
deprivation index as being the 'most deprived' in relation New Zealanders generally. 
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The deprivation index was developed by Salmond et al. (2007) and combines census data 
regarding income, home ownership, support, employment, qualifications, living space, and 
access to communication and transport. As shown in Figure 6.4(a), when these factors are 
combined, approximately half of South Dunedin is classified as most deprived, making a 
significant proportion of the research area socially vulnerable to sea level rise. These most 
vulnerable areas of South Dunedin are highlighted in red on Figure 6.4(a). To the west of the 
research area is a small area classified as 'least deprived'. This area, known as St Clair is 
typified by large, grand old houses and is typically known as a wealthier area of Dunedin, as 
reflected by the deprivation index value . 
Located directly behind the St Clair/St Kilda sand dunes is a large area of land which is used 
for recreational purposes. This area has a deprivation index ranging from 5 to 10. Initially this 
classification caused some hesitation; however, residential activity does occur on the 
periphery of these recreational areas. According to Salmond et al. (2007), if a mesh block 
contains less than 100 people it is joined with neighbouring mesh blocks until it reaches at 
least 100 people. As a result, although the mesh block appears to largely contain recreational 
land use activities, at least 100 people must reside in the area for the purpose of the 
deprivation index. Therefore, these mesh blocks are still classified as socially vulnerable due 
to the small number of residents who do reside there, who appear to range from the middle of 
the index to the most deprived. 
As discussed in Chapter 5, the socio economic status of South Dunedin is assumed to remain 
static over the next century. The local economy of Dunedin may experience highs or lows 
within the next 100 years; however, it is assumed that this will be experienced uniformly 
across the city. Therefore, relative to the rest of Dunedin, the socio economic status was 
assumed to remain the same as at present. As a result, the deprivation index displayed in 
Figure 3.4 and repeated in Figure 6.4a could be used as a means to assess the human 
vulnerability within South Dunedin. 
6.£.£ Lifeline Infrastructure 
In late 1998, the Dunedin City Council facilitated the Dunedin City Lifelines Project. The 
project identified the infrastructure and services within Dunedin which are vital for the 
everyday operation of the city. This included the supply of water, power, fuel, the treatment 
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and disposal of waste and storm water, transportation, and communication and broadcasting 
facilities (DCC, 1998). Major buildings essential for administration of the city functions, 
along with four main emergency services; hospitals, police, fire and ambulances were 
included as lifeline infrastructure (DCC, 1998). 
For the purpose of this research, lifeline infrastructure was classified as the most vulnerable 
infrastructure within Dunedin. If exposed to sea level rise, the effects of losing such 
infrastructure will not only be felt within South Dunedin but also within the greater Dunedin 
City. Figures 6.4 (b) and ( c) show the amount of lifeline infrastructure which exists within 
each 50m by 50m grid of South Dunedin. This is assessed in terms of length for lineal 
features, and as a total sum of non lineal features or nodes, where nodes are points which are 
used to spatially define a large non lineal object (such as hospital building, sewerage junction 
or sewerage treatment plant). These features are presented separately as lengths (Figure 6.4b) 
and nodes (Figure 6.4c) per grid block. 
Using a similar technique to Lindley et al. (2006), the length of lifeline infrastructure within 
South Dunedin was classified into one of five categories based on the >95t\ 80th to 95th, 65th 
to 80th, 50th to 65th and <50 percentile. A significant pattern becomes apparent within Figure 
6.4, with the greatest amount of lifeline infrastructure (95th percentile) displaying a similar 
pattern to the road layout of South Dunedin (refer back to Figure 3.5 for road layout). This is 
because the intricate network of waste water, storm water and drinking water pipes exist 
under the roads. A similar, but not so significant trend can be observed in the lifeline nodes 
image. Transportation infrastructure was assessed in terms of lengths rather than nodes, thus 
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Figures 6.4b and 6.4c also display a clear spatial coincidence between amenity and open 
space grass land use (Figure 3.3) and an absence of lifeline infrastructure. Waste, storm and 
drinking water infrastructure is generally constructed to service structures which are used or 
occupied by humans. There is little need to extend pipes to areas without a demand for these 
services, thus from an lifeline infrastructure position, areas of open space grass land are 
significantly less susceptible to the effects of sea level rise due to the lack of infrastructure 
located within these areas. 
An issue which the lifeline infrastructure classification does not account for is the cumulative 
effect of losing a vital 'link' in lifeline infrastructure. For the purpose of this research, lifeline 
infrastructure was weighted equally. No account was made for the flow on effect for the rest 
of Dunedin should some vital lifeline be temporary or permanently damaged. The most 
obvious example of this is the Tahuna Sewage outfall pipe which exists at Tahuna, the eastern 
area of the research boundary. This sewage plant treats the waste water of up to 80 000 people 
per day (DCC, 2008). If this plant or the main pipes leading directly to it were to become 
damaged, the whole of Dunedin City would experience the consequences. Modelling this 
cumulative effect is extremely difficult, as it is unknown how different lifeline features will 
respond to sea level rise, and very difficult to quantify impact without a great deal more 
detailed analysis, beyond the scope of this thesis. 
6.g.s Assessing Vulnerability 
The IPCC (2007 c) define vulnerability as the degree to which a system is susceptible to, and 
unable to cope with the adverse effects of climate change. To assess the overall vulnerability 
of South Dunedin, the social deprivation models and the lifeline infrastructure models were. 
overlaid (Figure 6.4d). 
The vulnerability of South Dunedin's people and infrastructure varies spatially. As shown in 
Figure 6.4(d), the majority of South Dunedin is classified as moderately to significantly 
vulnerable to sea level rise. Areas classified as most deprived (8 to 10) on the social 
deprivation index were found to generally have moderate to major vulnerability. For areas to 
be insignificantly vulnerable, deprivation levels had to be low (1 to 2) and lifeline 
infrastructure within the area had to be minimal (less than 71.51m). Only a few gridblocks 
met these criteria, within the St Clair area. 
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Another distinct trend that appeared in the vulnerability index was the large nature of the 
areas of minor vulnerability. When compared with the land use image in Figure 3.3, it can be 
seen that these areas are generally used for recreational purposes. As discussed in section 
6.2.2, these areas have minimal amounts of lifeline infrastructure, reducing their vulnerability 
from an infrastructural perspective. Some of these areas however, such as the areas to the west 
of the research boundary which are classified as 'minor' vulnerability, have an underlying 
social deprivation of 4, a relatively high deprivation level. As all of the factors were weighted 
equally when overlaying the vulnerable receptors, no emphasis was placed on human 
vulnerability over infrastructural vulnerability. Although these areas do not contain a 
significant amount of lifeline infrastructure, this does not reduce the level or risk of the people 
who live within these areas. This suggests the need to place additional weighting the social 
deprivation index for future studies using a similar technique. 
6.fl.4 Conclusion 
South Dunedin contains a number of elements which make it vulnerable to not only to sea 
level rise, but any natural hazard. As shown by the deprivation index, parts of South Dunedin 
are among the most deprived within Dunedin, reducing the adaptive capacity of the people 
within the area in the event of any natural hazard. To further the vulnerability of the area, a 
significant amount of lifeline infrastructure is located within South Dunedin. This 
infrastructure is vital for the successful functioning of not only South Dunedin, but for the 
entire city. The final vulnerability index displayed in figure 6.4(d) shows the spatial 
coincidence of lifeline infrastructure and the most socially deprived areas, defining the most 
vulnerable areas of South Dunedin. By combining the vulnerability index with the likelihood 
of sea level rise models discussed in section 6.1, the risk to South Dunedin from sea level rise 
can now be evaluated. 
6.3 Risk Evaluation 
Risk is said to be a function of hazard and vulnerability, or risk= hazard x vulnerability. To 
evaluate the risk of South Dunedin to sea level rise, the hazard and vulnerability layers 
created in sections 6.1 and 6.2 were overlaid. Using the approach outlined in Table 4.5, each 
pixel of the overlaid image was classified into one of five categories of risk: extreme risk 
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(requiring immediate action), high risk (should take a high priority for action, with planning 
beginning as soon as practicable), moderate risk (begin planning for but has a lower priority), 
low risk (minimal action likely to be required) and negligible risk (no response required). The 
results are shown in Figure 6.5. 
For present day risk, a number of small areas were identified as being at risk to sea level rise 
(Figure 6.5(a)). This was primarily due to the elevation of the land in comparison to the 
current elevation of the sea itself, and also a reflection of the present vulnerability of the area. 
The risk of South Dunedin being inundated by 2050 if the sand dunes are breached 
considerably increases, with almost half of the area classified as being at high or moderate 
risk (Figure 6.5(b)). Using the classification scheme provided by the Ministry for the 
Environment (2008a), addressing issues in the areas classified as high or moderate risk should 
be high on the priority list of local government, with action plans developed and carried out to 
address sea level rise as soon as practical. 
By 2090, after up to a 1.25m rise in sea level, a significant proportion of South Dunedin is at 
some kind of risk to sea level rise, with the area classified as being at high or moderate risk 
expanding further northwards (Figure 6.5c ). If the dunes are breached and the ocean migrates 
landwards, a considerable number of people, as well as infrastructure and services, are at risk. 
Again, this implies a high priority for action for high risk areas and a need for areas of 
moderate risk to be included in response planning. 
To consider in conjunction with the images in Figure 6.5 are the implications of storm surges 
and a potential rise of the existing water table within South Dunedin which were not included 
within the modelling. At the upper limit, current storm surge height within Dunedin is 
estimated at 0.7 to 0.9m above high tide mark (NIWA, 2008). Although not modelled, an 
additional 0.7 to 0.9m rise in sea level above and beyond those discussed in section 6.1 would 
cause a significant level of damage to South Dunedin, with possible consequences including 
ocean water penetrating even further inland, or retained flood waters where storm surges are 
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Figure 6.5: Predicted sea level rise risk for South Dunedin. a) Present day risk, b) predicted risk at 2050 and c) predicted risk at 2100. 
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6.4 Conclusion 
As displayed within this chapter, South Dunedin is at significant risk from being inundated 
from sea level rise. South Dunedin contains not only some of the most deprived areas within 
Dunedin City, but also a large amount of lifeline infrastructure. This infrastructure not only 
services South Dunedin, but also services the greater Dunedin City. Although not modelled, 
the effects of losing this lifeline infrastructure could have significant effects on the 
functioning of the entire city. 
It is 'likely' that a large area of South Dunedin will be inundated within the next 50 years if 
the sand dunes are breached along St Clair and St Kilda beaches. This area extends even 
further by 2090. The degree of risk for 2050 and 2090 is such that response planning must be 
given a high priority by local government. Although there are a large number of uncertainties 
that exist when modelling sea level rise, along with a number of assumptions that have to be 
made, GIS provides an excellent method to spatially assess the risk of sea level rise to a 
particular area, and provides an initial overview of where adaptation measures or risk 







Sea level rise poses an all too real and significant risk to South Dunedin. As shown in Chapter 
6, if the ocean penetrates inland due to a breach in the St Kilda and/or St Clair sand dunes 
there is potential for a significant amount of infrastructure and housing to be temporarily or 
permanently inundated. Even by 2050, almost half the study area is at high or moderate risk, 
with a concomitant high priority for a planned anticipatory response. In order to reduce the 
.levtd-of risk,-risktrnatm(mt-is-requirnd .. Risk-treatment-invol"ves identifying-a range of options 
for treating risk, evaluating those options, and preparing and implementing risk treatment 
plans (Standards New Zealand, 2004). 
The following chapter is not intended to provide a comprehensive risk treatment and 
implementation plan, rather it is intended to identify a range of potential methods which could 
be employed to reduce the risk of South Dunedin sea level rise. To begin, an overview of the 
risk treatment process, as defined by the Australia New Zealand Standard for Risk 
Management will be provided, followed by a summary of some of the principles of successful 
risk treatment. A range of potential protection, retreat and accommodation techniques which 
are commonly found worldwide are identified and briefly discussed, before recapping on the 
risk treatment process and establishing how to move forward from treatment identification . 
7. I Risk Treatment Process 
Risk treatment, as shown in Figure 7 .1, is the process of identifying techniques which will 
reduce the level of risk that an event poses, evaluating the feasibility of the identified 
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and finally implementing risk treatment plans (Standards New Zealand, 2004). Whilst 















As~ss ranked risk !)riorit:ies 
Tta nsf!?dn 
full or pa,rl'i 
Avoid 
Consider fea~bility, costs. and benefits, a.nd i;e..,e.1$ ot rfsk 
., - - --- -
Recommend treatm1Ntt strategy 
Oioose treatml!nt strategy 
------------~-----------+------------1---------· 
P rE!pare risk t reatinen.t plans to re due@, transfer or a..,otd i'isk, fina ricing 
as appropriate 
--------:~------ · - ---1-----------f --- --------r --------, 














The previous chapters of this research have shown that there is a considerable amount of 
assets and infrastructure within South Dunedin that could potentially be lost to the sea within 
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treatment process of Figure 7 .1, the risk that sea level rise poses to South Dunedin is not 
acceptable and cannot be ignored. Thus, methods by which to reduce the impact of a rise in 
sea level need to be identified. The Australia New Zealand Standard for Risk Management 
(2004) defines four broad categories which risk treatment methods fall into. These are 
methods which 1) reduce the likelihood of the risk occurring, 2) reduce the consequence of 
the risk, 3) transfer the risk in full or in part or 4) avoid the risk altogether. 
To reduce the likelihood or consequence of the risk occurring, some form of adaptation is 
required. Adaptation and risk treatment are fundamentally similar concepts. In the context of 
this research, risk treatment aims to implement measures to reduce the level of risk that sea 
level rise poses for South Dunedin. In comparison, adaptation is the response of natural or 
human systems to an actual or expected climatic stimuli (IPCC, 2007c; Lim and Spanger-
Siegfried, 2005; Smit and Pilifosova, 2003). Adaptation strategies are also very similar to the 
risk treatment process, with the objective of each being to identify, evaluate and where 
necessary implement possible methods to reduce the level of risk (IPCC, 2007c; Standard 
New Zealand, 2004). Due to the similarity in the two concepts, the two phrases adaptation and 
risk treatment are used interchangeably throughout this chapter. The following section will 
discuss the fundamental principles which make for successful adaptation, therefore, 
successful risk treatment. 
7 .2 Treating Risk through Adaptation - Fundamental 
Principles 
Adaptation provides the solution to reduce the risk of South Dunedin to sea level rise. 
Fundamentally, adaptation is about proactively enhancing the ability to adapt to the future 
effects of climate change (MfE, 2008b). As discussed in section 2.6.1, there are four main 
categories of adaptation: planned adaptation ( conscious intervention), autonomous adaptation 
(natural or spontaneous adjustments), reactive adaptation (wait and see approach) and 
anticipatory adaptation (takes place before an event occurs). Due to the large amount of both 
private and public assets and infrastructure that could be lost if South Dunedin becomes 
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Planned (sometimes also called anticipatory) adaptation, as discussed in section 2.6.1 is the 
result of conscious intervention (Fankhauser et al., 1999). If implemented successfully, these 
will result in a reduction or even complete avoidance of the risk at hand (Figure 7.2). Prior to 
and during the creation of an adaptation strategy, it is important to consider the key factors 
that lead to the successful uptake of adaptation. These factors fall into one of four main 
categories: technology, knowledge, governance and finance, as shown in Table 2.3 of Chapter 
2. 
Risk reduction 
Risk transfer I 
Figure 7.2: Relationship between adaptation and risk. The more effect the adaptation techniques used the 
greater the reduction in risk (MJE, 2008b). 
For an adaptation strategy for South Dunedin to be successful, first and foremost the general 
public would need to be informed about the threat that sea level rise poses for low lying 
coastal communities such as South Dunedin. As sea level rise is gradual and poses no 
immediate threat to the residents of South Dunedin, it can be hard to comprehend the potential 
damage it may cause, making it difficult to gain public support. For this reason, the 
community needs to be provided with an explanation of the process of sea level rise and the 
potential outcomes that will result if no action is taken. This explanation should be transparent 
and mention the uncertainty that surrounds sea level rise. If necessary, the common 'debates ' 
that exist surrounding sea level rise and climate change should also be discussed and evidence 
which refutes these claims provided. Through supplying the public with this information they 
are more likely to support and understand the councils' actions and responses to sea level rise 
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For effective consultation to take place, strong linkages between different local government 
agencies first needs to be developed. Hennessy et al. (2007) notes that the relationship 
between different strata of government can alone hinder or promote the success of adaptation. 
Within the RMA, both local and territorial authorities have the responsibility to avoid or 
mitigate the effects of natural hazards. It is essential that collaboration occurs between 
authorities to ensure consistency in the development and implementation of environmental 
policy and rules (MfE, 2008b) relating to the hazard of climate change. As a number of 
climate change sceptics already exist and the gradual onset of sea level rise makes its impacts 
hard to comprehend, local government need to be seen to be working together and sharing the 
same vision when addressing climate change. Any inconsistency between regional council 
and territorial authority climate change predictions have the potential to become the focal 
point of climate change sceptics. If a shared vision is not developed there will be inevitable 
delays in addressing sea level rise risks, reducing the ability of local government to 
proactively plan for this matter. 
Due to the gradual onset of sea level rise, technological change over the next century also 
needs to be considered when developing adaptation strategies. New methods for treating risks 
such as sea level rise may be available in the future. When designing an adaptation plan, 
caution needs to be taken to ensure that responses which are made now to reduce the risk of 
sea level rise do not create a 'lock in' effect, making it difficult to cope with sea level rise in 
the future (Adger et al., 2007; MfE, 2008b). To prevent an approach where 'lock in' occurs, a 
phased approach should be used (MfE, 2008b). This provides flexibility for dealing with risk 
and any changes in the uncertainty of sea level rise estimates. As shown in Figure 7.3, using a 
phased approach allows for 'multiple interventions', with risk not being reduced in the future, 
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Chapter 7: Risk Treatment 
Figure 7.3: Staged approach to adaptation and the effect of sea level rise over time (MfE, 2008b) 
Financing an adaptation strategy is possibly one of the most significant factors determining a 
strategy's success. A clear plan of what funding will be made available for public use to adapt 
to sea level rise will need to be identified and information on how to access this funding 
widely distributed. Fankhauser et al. (1999) recognise that providing incentives which 
encourage the public to adjust often leads to a successful uptake of the adaptation strategy. 
When identifying where funding can be sourced from and who funding will be provided to, it 
is important to note that low income groups often lack the financial ability to adapt (Adger et 
al., 2007), therefore, special consideration of these groups will need to be made when 
allocating funds. 
Although the significant effects of sea level rise may not be felt for another 50 years, 
developing an adaptation strategy now will reduce the effects that sea level rise will have in 
the future. Incorporating a staged adaptation approach within the strategy, with the 
responsible council identified for each phase, will provide direction of how to respond to sea 
level changes if they are slower or faster than initially anticipated. A staged approach will also 
reduce the chance of 'lock in ' should technology advance and new, more effective methods to 
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7 .3 Reducing Risk: Enhancing the Adaptive Capacity of South 
Dunedin 
Preventing the ocean from encroaching on low lying coastal communities is not a new 
phenomenon. For over five centuries the Dutch have successfully restricted inundation from 
the North Sea (Titus et al., 1991), with nearly a quarter of the Netherlands lying below sea 
level. A rise in sea level over the next century will test the limits of current coastal protection 
measures worldwide and potentially cause the rapid development of new techniques in a bid 
to prevent the loss of heavily developed and populated land to the sea. 
At present, adaptation options for sea level rise fall into three general categories: protection, 
accommodation and retreat. As required by the risk treatment process (Figure 7.1), a range of 
risk treatment options need to be identified. The aim of this section is to outline a range of 
potential adaptation options, with options separated into their respective adaptation categories 
(protection, accommodation and retreat). As discussed earlier, this section is not intended to 
be comprehensive, but rather act as a starting point for potential methods in which to protect 
South Dunedin from sea level rise. 
7.9.1 Protection: Holding Back the Sea 
Coastal defence mechanisms are not designed to stop sea level from rising, rather they will 
hinder the rate at which the ocean will encroach naturally upon the coast (Charlier and 
DeMeyer, 1998). Holding the line and restricting the gradual retreat of the shore inland has 
generally been the preferred approach over the last century (Turbott and Stewart, 2006). 
Although large scale coastal defence mechanisms can be extremely costly, this cost is often 
offset by the value of the land and infrastructure which may be lost if the area is permanently 
inundated (Brooks et al., 2006; Turbott and Stewart, 2006). The fundamentals of using 
protective measures in response to sea level rise can be found in section 2.3.2. 
When assessing the vulnerability of South Dunedin to sea level rise, a key assumption was 
made: that the dune system along St Clair and St Kilda beaches was breached. As discussed 
in Chapter 3, when Dunedin experiences large storms, large quantities of sand including 
significant portions of the dunes are removed by the large storm swells (DCC, 2008). More 
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by the implementation of emergency protection to stop further erosion should another storm 
occur within a short time frame. 
Coastal protection works are often installed in the event of an emergency or as a short term 
measure to protect assets and infrastructure on the coast. The immediate impacts felt by 
hazardous events can often lead to responses which have had little consideration of the long 
term maintenance costs or the effects on the coastline (Turbott and Stewar, 2006). As shown 
in Figure 7.4, a disadvantage of implementing protection techniques is the increased sense of 
safety that they create for residents who live with hazardous areas (MfE, 2008b ). This 
heightened sense of security encourages people to locate themselves within these areas, 
reducing the number of options available for local government when trying to establish the 
direction coastal management should take. Pressure is to again increase the defence structures, 
which ultimately may exceed the cost of the area protected. For the remainder of this section, 
frequently and successfully used coastal protection mechanisms are identified which could 
reinforce the strength of the St Clair/St Kilda sand dunes, hence reduce the risk of coastal 










Figure 7.4: Public perceptions of coastal defence mechanisms ( MJE, 2008b ). 
Beach Nourishment 
Beach nourishment is a coastal protection technique where sand is deposited onto the beach or 
used to build artificial dunes to act as storm buffers (El Raey et al., 1998). Soft protection 
measures such as beach nourishment are becoming increasingly popular worldwide as it is a 
more sustainable, environmentally friendly approach to coastal management (Bell et al., 2001, 
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beach, however, erosion continues to occur even after nourishment has taken place, making 
nourishment a method which requires ongoing maintenance (Mangor, 2004). 
There are two key forms of beach nourishment; backshore nourishment and shoreface 
nourishment. Backshore nourishment is when sand is placed on the backshore or foot of the 
dunes. The purpose of this is to provide an additional buff er when an extreme erosion event 
occurs (Mangor, 2004). In comparison, shorefront nourishment is used to flatten the beach 
profile by adding sediment into the water near the edge of the coastline. It is often used in the 
Netherlands in conjunction with backshore nourishment (Mangor, 2004). 
Beach nourishment is an effective short term solution to coastal erosion. However, as sea 
level rises, so will the difficultly of maintaining the shoreline partly due to an increase in sea 
level and possibly due to sand becoming a costly and scare resource (Turbott and Stewart, 
2006). 
Beach Drainage 
Beach drainage or dewatering is a technique which removes excess water from the beach. As 
shown in figure 7.5, a drain is placed approximately 1 to 2m below the beach surface, parallel 
to the shoreline at the location of mean high water spring (Mangor, 2004). The drain is 
connected to a pumping station and discharge pipes which remove the water, typically 
pumping it into a lagoon or back out to sea . 
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Beach drainage, developed and patented by GEO Denmark, works by lowering the 
groundwater table in the wave rush up zone, decreasing the strength of the down wash zone 
which removes sand from the beach. It works most effectively in beaches which experience 
relatively high tides as high tides generate an elevated groundwater table (Mangor, 2004). 
Beach drainage has proven to be successful on beaches in USA, Malaysia, France, Italy and 
the Netherland, significantly reducing erosion and in some locations, increasing beach width . 
Groynes 
As discussed in Chapter 3, when Dunedin experiences large storms, large quantities of sand 
including portions of the dunes are removed by the large storm swells (DCC, 2008) . Groynes 
are a structure which may help replenish the lost sand supply through trapping sand which 
would otherwise be swept away by long shore drift . 
Groynes are short structures which run perpendicular to the coast. As displayed in Figure 7.6, 
groynes trap sand that would normally be removed from the coast through long shore drift 
(Charlier and DeMeyer, 1989). On the up-drift side of a groyne is considerable capture of 
sand. On the down-drift side however, erosion occurs as sand is being prevented from 
reaching the area. If not designed properly, severe erosion can be experienced on the drift-
ward side (Charlier and DeMeyer, 1989). Groynes are commonly used in conjunction with 
beach nourishment techniques and used worldwide to combat coastal erosion. Although using 
groynes would not prevent South Dunedin from being inundated, it is a possible technique 
which could be used to replenish St Clair and St Kilda beaches with sand. 
a 
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Breakwater 
Another measure which may reduce the rate of erosion and maintain the strength of dune 
system along St Clair and St Kilda beaches is the use of breakwaters. Breakwaters, like most 
hard protection measures, run parallel to the coast line and act as barriers to absorb wave 
energy (Charlier and DeMeyer, 1989). They can be established offshore as submerged or 
floating breakwaters or along the shore to directly absorb wave energy (El Raey et al,, 1998). 
Although breakwaters reduce erosion, they also reduce the amount of on shore sediment 
transport (Charlier and DeMeyer, 1989). To increase the movement of sediment, a low crested 
or submerged breakwater will allow water to over top the structure, creating a weakened flow 
of water and sediment on the landward side (Mangor, 2004). 
Seawalls~ Revetments and Dikes 
Seawalls are a classic hard protection technique used to halt coastal erosion and the migration 
of coastal water inland (Charlier and DeMeyer, 1989). Sea walls are vertical structures which 
are designed to prevent coastal erosion and other damage due to wave action and storm surges 
(Mangor, 2004). Although sea walls maintain the present location of the coastline, they are 
well known for scouring out the beach in front of the wall. Dikes are similar to sea walls, 
however, they have very little beach in front of the structure as shown in Figure 7 .7 (Mangor, 
2004) . 
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Fundamentally, revetments are very similar to sea walls. In comparison to sea walls which 
protect against erosion and flooding, revetments are sloping walls which are located at the 
foot of cliffs, dunes, dikes or seawalls to provide protection solely against erosion (Mangor, 
2004). Revetments are typically constructed with permeable structures such as natural stones 
or concrete blocks, reducing wave energy on impact and wave reflection (Mangor, 2004). 
Revetments are commonly found in the Netherlands (Charlier and DeMeyer, 1989). 
The above examples are only a handful of the many hard protection techniques available. The 
best approach to use for slowing the erosion of the St Clair / St Kilda sand dunes is unknown 
and will require further research from local government. The long term effectiveness of 
protection measures such as those discussed above are unknown, as sea level rise will 
gradually diminish the amount of protection they can provide (Turbott and Stewart, 2006). In 
the short term, protection techniques such as those discussed above may prove to be 
beneficial; however, their large bulky appearances can often have adverse effects on beach 
amenity or even beach activities such as surfing or walking. As it is impossible to rule out a 
rise in sea level of over lm in the next century, exploring only protection measures is not 
appropriate. The following section will focus on conducting a managed retreat from South 
Dunedin, exploring different methods by which a managed retreat could occur. 
7.:J.g Retreat: Migrating from the Coast 
'Holding back the coast' is increasingly being questioned as to its long term viability. Turbott 
and Stewart (2006) are strong advocates for a managed retreat of at risk coastal areas due the 
ongoing high costs of protection measures, their adverse effects on beaches and the 
surrounding environment and the feasibility of maintaining protection works over large areas 
for a large amount of time. In the long term, maintenance of the sand dunes that protect South 
Dunedin from coastal inundation may become unfeasible. This will occur when the cost of 
protecting an area exceeds the value of the land and assets being protected. If or when this 
will occur is difficult to establish due to the large number of uncertainties associated with sea 
level rise. 
In early August 2008, Jim Schwab, a Senior Research Associate and Manager of the Hazards 
Planning Research Centre of the American Planning Association completed a tour of New 
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extensive conversation and site visit to South Dunedin with Mr Schwab, he was of the opinion 
that South Dunedin will require some form of managed retreat in the next 100 years. 
Comparatively, Mr Schwab likened South Dunedin's situation to that of a very gradual onset 
of the situation experienced by New Orleans, Louisiana, following cyclone Katrina in August, 
2005. His comments were not meant to scare, but rather highlight that if nothing is done in to 
protect South Dunedin from sea-level rise in the near future, the social, economic and 
environmental effects that sea level rise will have on the entire city will be extremely 
significant. Some suggestions of how various stages of a managed retreat could be 
implemented are outlined below. 
In 2006, Turbott and Stewart explored the implementation options for a managed retreat of 
some coastal areas of the Waikato region, New Zealand. Through their research they found 
that people will not voluntarily retreat from their property unless there is an immediate threat 
which forces them to do so (Turbott and Stewart, 2006). It was also found that providing the 
public with information regarding coastal hazards did not deter them from investing in at risk 
areas or alter their expectation for provision of protection works. While the Resource 
Management Act and the Local Government Act require public consultation, simply 
providing information on hazards is not an effective means of informing the public of the 
council's intent of gradually retreating from the coast. Although it may not be effective in the 
short term, local government should show persistence as it may take several generations 
before managed retreats become an accepted response to coastal hazards and sea level rise 
(Turbott and Stewart, 2006). 
Regional Policy Statements and Regional and District Plans are an effective method of 
encouraging a gradual managed retreat. A statement of the objective of a managed retreat of 
areas at risk to sea level rise could be included within the Regional Policy Statement. The 
hierarchy of planning legislation would therefore require that regional and district plans and 
coastal plans give effect to this objective. Policies and Rules via the district plan could 
encourage a general land use change from residential and commercial activities to recreational 
activities with little infrastructure that could be damaged. This carefully selected land use 
allocation is already in practice in parts of South Dunedin, with a large amount of the land 
directly behind the St Clair and St Kilda sand dunes currently used for recreational purposes 
including golf, rugby and soccer. Provisions could also be formulated within the plans, 
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piecemeal for at risk areas (Turbott and Stewart, 2006). This may become controversial for 
the Dunedin City Council as the plan currently states that they will protect areas such as South 
Dunedin from coastal erosion. 
Within the Dunedin City District Plan 2006, Issue 17 .1.3 notes that development in the past 
has occurred in inappropriate areas which were thought to be appropriate at the time. The 
District Plan notes that South Dunedin is one of these areas and that the council will conduct 
mitigation works in this area as required. If a provision was placed within the District Plan 
prohibiting the construction of the protection measures, the question would arise of whether 
the council has to compensate land or home owners for and the losses they might incur as a 
consequence of the new provisions. In Falkner v Gisboume District Council [1995], a similar 
situation reached the High Court, where land owners were demanding the Gisboume District 
Council continue to provide protection measures for their houses from the sea. In 1992, the 
council, along with the Department of Conservation had announced a policy of a 'managed 
retreat'. Residents of Wainui Beach opposed the policy and applied for resource consent to 
construct protection works. This application was subsequently rejected, appealed to the then 
Planning Tribunal (now Environment Court) who upheld the council's decision. Once at the 
High Court, references were made to section 21 of the New Zealand Bill of Rights Act 1990, 
which states that everyone has the right to be secure against unreasonable search or seizure of 
property. The residents claimed the result of a managed retreat would be a 'seizure' of their 
property as land lost to the sea vests in the Crown . 
This claim was rejected as a 'seizure' of land suggests some human agency rather than a 
gradual process of nature. Justice Baker also noted that where pre existing common law rights 
are inconsistent with current legislation, those rights would no longer be applicable and the 
concept of sustainable management would take priority over private property rights. As a 
result, no compensation was required. In a Planning Tribunal case held in the same year 
(Leith v Auckland City Council [1995]), Judge Sheppard noted that in practice, local 
authorities have 'discretion' whether to provide some form of monetary compensation. Due to 
the large amount of residential activity that exists within South Dunedin and the large area of 
land that sea level rise threatens, the cost of even partially compensating land owners within 
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If a managed retreat was the eventual intention of local government within Dunedin, a 
managed retreat strategy would need to be integrated into long term planning documents. If 
council decided to provide some form of compensation, one possible mechanism which 
would result in no loss to the public and would reduce the cost incurred by the local or 
national government is purchasing houses which are at medium to long term risk (Turbott and 
Stewart, 2006). Based on the modelling of sea level rise estimates such as that found in 
Chapter 6, hazard zones relating to the likelihood of sea level rise or the level of risk could be 
created and if necessary, designated for the purpose of hazard management. If houses and 
businesses are purchased over an extended period of time and rented back or leased for life 
· until the houses reach a point where the risk is too great, some or even all of the costs of 
purchasing at risk houses could be recouped through rents and leases. For recreational areas 
such as those that exist currently on the landward side of the sand dunes, similar commercial 
or recreational commercial leases could be granted. 
The ability of the council to buy properties and lease them back however may not be possible 
under New Zealand Tenancy law (Turbott and Stewart, 2006). It could be argued that leasing 
properties within hazardous areas does not meet the health and safety requirements of the 
New Zealand Residential Tenancies Act 1986. Unlike other hazards, sea level rise has a 
gradual onset, therefore may not cause any undue risk to potential tenants. The ability of 
council to do this would require further investigation. 
Further developing on the idea of zones, comprehensive hazard mapping of the effects of sea 
level rise could be completed not just of South Dunedin but of all low lying coastal areas 
within Dunedin City. Mapping could display the likelihood of inundation as shown in Section 
6.1 or the overall level of risk, as shown in Section 6.3. These maps could be made available 
to the general public through brochures, council websites and even included within Land 
Information Memorandum (LIM) reports. Zones of hazard likelihood such as 'extreme risk', 
'high risk', 'moderate risk' and 'low risk' could be created and displayed on these maps and 
included within the District Plan with associated hazard provisions. Each zone could have 
similar rules, with restrictions becoming greater as the risk becomes greater. For example, 
extreme risk zones could prohibit new developments, in comparison to high to moderate risk 
zones which allow new developments provided they are designed in manner which makes 
them easy to relocate. Other provisions could allow only soft protection to be used in certain 
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risk may have no additional provisions, however are still zoned based on the likelihood of sea 
level rise hazard for the purpose of raising community awareness and encouraging sea level 
rise to be considered within the decision making process. 
Another mechanism suggested by Turbott and Steward (2006) is the use of convenants and 
consent notices. Upon purchase of a property by local or central government, a covenant 
could be placed upon the Certificate of Title requiring any future owner to carry out or not 
carry out certain activities. Activities could include the mandatory removal of buildings when 
inundation does occur, no building of protection works or no requests for protection works to 
be made. These properties could then be on sold with the new purchaser being made aware of 
these covenants. A shortfall of using covenants is some land owners may not be able to afford 
the costs of removing houses. For new developments, a consent notice could be placed on the 
relevant titles with similar requirements as the covenant. For new buildings, the consent 
notice could require that the building be designed to be easily relocated. 
Developing a system of transferable development rights may also be an alternative option for 
relocating the most vulnerable developments (Turbott and Stewart, 2006). Local and or 
national government could provide a fund or subsidy for relocating housing and 
infrastructure. For infrastructure which cannot be relocated or where the cost of relocation is 
greater than constructing from new, the existing use or development right could be transferred 
to another location for an activity of a similar scale and nature. 
At present, the Earthquake Commission, a Government owned Crown entity, provide natural 
disaster insurance for any damaged land that results from storms or flooding (EQC, 2008). 
This does not include damage done to property, and only encapsulates land on which a 
building is situated upon, all land within 8m of the building and any land which comprises 
part of the main access way to the building (EQC, 2008). As four out of five of New 
Zealand's main cities are located on the coast, Central Government may need to intervene and 
initiate legislative and financial support for local governments to begin the relocation process. 
For example, the Earthquake Commission insurance could be extended to cover subsidies for 
relocation of at risk structures and infrastructure. 
As mentioned earlier, South Dunedin is a lower socio economic area, therefore many of the 
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their homes. Even if they could afford to or subsidies were provided to relocate, the question 
still remains, where can they relocate to? Within close proximity to Dunedin City, large 
greenfield sites include the protected Town Belt or the protected Otago Peninsula. For 
development to occur in these areas, the council would have to weigh up the urgency of 
finding available land for housing, against the loss of some of the City's most loved amenity 
features. While other open space areas within proximity of the city include the Taieri Plains, 
these too are low lying are subject to inundation from the Taieri River. Perhaps encouraging 
urban regeneration, or allowing for high density housing may be the best alternative, ensuring 
that any high density housing is within close proximity of open amenity spaces. Relocating 
the population close to town will also discourage car usage with most inner city suburbs 
having access to regular public transport routes. 
Up until this point this section has focused primarily on the relocation of housing and 
businesses. As discussed in Chapter 3, South Dunedin is home to a large amount of lifeline 
infrastructure, and also provides a physical link between the Otago Peninsula and Dunedin 
City. If a slow and cost effective managed retreat of South Dunedin is to occur, careful 
decisions need to be made now regarding the location of infrastructure. When establishing 
council development priorities, the life span of developments such as the Tahuna Sewage 
Treatment Plant need to be considered. If the lifespan is expected to extend beyond 2050 to 
2090, the cost of upgrading then relocating facilities following sea level rise needs to be 
compared with the cost of building from new now in a safer, more appropriate location. As 
houses and businesses are removed, council will also need to consider how they will 
disconnect and remove household utilities such as waste water pipes or electricity cables. If 
left underground and are exposed later, the environmental damage will be great, as will the 
danger it will pose for people using the new coastline. 
Provided a long term strategy is created, conducting a managed retreat from the most at risk 
areas of South Dunedin is not impossible. A gradual change in land use activities could see 
the most at risk areas being developed into recreational areas with little to no infrastructure; 
reducing the loss of assets should the recreational area be lost to the sea. An alternative 
method in which the costs could potentially be recouped is through local government 
purchasing and renting or leasing out houses or commercial buildings within at risk areas. 
Over the long term, nearly all the costs could be recovered. The legitimacy of this technique 
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century, the effectiveness of defence mechanisms will gradually continue to decrease. By 
using a managed retreat technique and implementing a retreat strategy in the near future, the 
costs can be shared over the long term reducing the burden to both individuals and council. 
7.9.S Accommodation: Short Term Solutions 
There is a range of accommodation methods discussed in section 2.3.1 which could provide 
short term solutions to the sea level rise problem. These typically include elevating essential 
infrastructure such as roads and railways and placing buildings on elevated platforms. 
However, it is believed that these are only short term solutions for a long term problem; 
therefore they have not been discussed within this chapter. 
7.4 Where to from here? 
Sections 7.1 to 7.3 have identified potential methods which could be employed to reduce the 
risk that South Dunedin faces in the next century due to sea level rise. The purpose of this 
chapter was not to create a structured plan of the best method in which to reduce the risk of 
sea level rise, rather, it was intended to provoke thought and the flow of ideas which could be 
used to reduce the level of risk. This final section returns to the risk treatment process outlined 
in Figure 7.1, and discusses a general overview of how to move forward once potential risk 
treatment options have been identified. 
Following the identification of a range of techniques to address sea level rise, the techniques 
need to be critically evaluated. An evaluation method which weighs up the cost of 
implementing each risk reduction technique against the benefits derived from it (Standards 
New Zealand, 2004) would be the most ideal, providing an indication of which techniques are 
the most feasible in addressing sea level rise in South Dunedin. Cost benefit analysis is an 
example of just one evaluation tool that would successfully determine this feasibility. It is 
important to note however, that it is unlikely that a single risk reduction technique will 
provide a complete solution to reduce the overall level of risk (Standards New Zealand, 
2004). Through creating a risk treatment plan or an adaptation strategy, a staged approach to 










Chapter 7: Risk Treatment 
Adaptation or risk treatment plans provide a structured plan of how risk is going to be 
reduced. These plans should outline who is responsible for each stage of the treatment process 
and the expected outcomes of the treatment. In particular, given the shared responsibility for 
natural hazards of regional and district councils, the plan should clearly identify the roles of 
these councils in implementing the plan. The plan should include mechanisms for evaluating 
the implementation process and to monitor the progress of the plan (Standards New Zealand, 
2004). 
7 .5 Conclusion 
A large proportion of South Dunedin is at risk from being permanently or temporarily 
inundated due to sea level rise. The risk treatment process outlined by the Australia New 
Zealand Risk Management Standards provides a step by step guide of how to reduce the risk, 
from identifying risk treatment options to implementing a risk treatment plan. The aim of this 
chapter was identify potential risk treatment options that may be suitable for South Dunedin. 
Going beyond this and developing a risk treatment plan is beyond the scope of this research. 
A range of potential risk treatment or adaptation options were identified, ranging from coastal 
protection measures to managed retreat. Although accommodation measures are available, 
they were only seen as a temporary measure and therefore were not explored in any detail. 
Similarly, the success of coastal protection will gradually decrease over time. If such 
structures are continually maintained and extended as sea level rises, if or when a breach of 
the protection measure occurs, the damages caused will be extensive . 
For the long term viability and success of South Dunedin's response to sea level rise, a 
managed retreat is the most suitable option. Although retreat does not have to begin for a long 
time, preparing a managed retreat strategy will provide the council with the information they 
need to implement a managed retreat when the time is necessary. Using techniques such as 
creating recreational reserves or leasing housing until the level of risk of flooding is too great, 















Global warming is thought to be the biggest long term challenge facing the international 
community in the 21st Century (Hodgson, 2006) and sea level rise is a significant part of this 
challenge. Even if an international agreement was reached tomorrow and all greenhouse gas 
emissions were stopped, due to the thermal lag of the ocean to respond to surf ace temperature 
changes and the length of time greenhouse gases stay in the atmosphere, sea level will 
continue to rise for at least another century. As approximately 23% of the world's population 
lives within coastal areas (Nicholls and Mimura, 1998) efforts need to be made now to reduce 
the impact that a rising ocean will have on low lying coastal communities. 
South Dunedin is one of these low lying coastal communities that is threatened by the future 
prospect of sea level rise. Home to approximately 11 500 residents in some of Dunedin City's 
highest density housing, and also the location of some of Dunedin's most important lifeline 
infrastructure, the social, environmental and economic cost of taking a reactive approach to 
sea level rise will not only have damaging consequences for South Dunedin but for the entire 
city. A major difficulty in applying a proactive planning approach to sea level rise, however, 
is the large amount of uncertainty that exists surrounding whether sea level rise is actually 
occurring and to what extent will it rise by. 
The overarching aim of this research was to assess the potential consequences of sea level rise 
on South Dunedin and identify potential adaptation responses. Before the consequences of sea 
level rise could be determined, a range of sea level rise estimates had to be identified and their 
likelihood evaluated (objective 1). Using the most reputable contemporary literature, 
estimates were found for two future points of time; 2050 and 2090. Although the most 
commonly discussed sea level rise estimates within the literature are those provided by the 
IPCC in their most recent Fourth Assessment Report (2007), these estimates alone were not 













Chapter 8: Conclusion 
further research conducted in late 2007 and early 2008 has shown that sea level may be rising 
at a faster rate than initially anticipated. As it was determined early in Chapter 2 that a 
precautionary approach is best when dealing with natural hazards, these higher sea level rise 
estimates were integrated into the risk assessment. 
Using sea level rise estimates of between 0.2 and 0.36m for 2050 and 0.5 to 1.25m for 2090, a 
significantly large area of South Dunedin was classified as being likely to be inundated by sea 
level rise in the next 50 to 100 years. Approximately 70% of the land within South Dunedin is 
used for residential activity. If sea water does inundate these areas, local government have the 
significant task of trying to find alternative areas where urban development can expand to 
accommodate the 2.03km2 to 3.98km2 of land lost to the sea. As this research did not include 
the modelling of storm surges or a rise in the water table, this value may be conservative with 
the total amount of land lost potentially even greater. 
Once the extent of the hazard was known, the vulnerability of South Dunedin was determined . 
Vulnerability in this context referred the spatial coincidence of vulnerable receptors - people 
and lifeline infrastructure which the city depends on for daily operation. For this research, 
human vulnerability was based on their social deprivation, with deprivation levels measured 
in mesh blocks. A large area of South Dunedin is classified as being highly deprived; 
therefore have fewer resources to adapt socially, technologically and financially to the effects 
of sea level rise. Lifeline infrastructure included facilities such as water, waste water and 
storm water pipes, roads and railways and emergency departments such as the police, 
ambulance, fire stations and hospitals. When these two categories of vulnerable receptors 
were overlaid, approximately 75% of South Dunedin was classified as being moderately, 
significantly or majorly vulnerable (objective 2), with potentially 7800 people being directly 
affected . 
Through overlaying the hazard data with the vulnerability data, the spatial coincidence of the 
two and hence the risk of South Dunedin could be determined (objective 3). Within the heart 
of South Dunedin is a high spatial coincidence of vulnerable areas and areas 'likely' to be 
inundated by sea level rise. This risk assessment indicates there is potential for sea level rise 
to cause significant damage to South Dunedin. The great number of people dislocated and 
















Chapter 8: Conclusion 
implications beyond the research boundary, with the entire city bearing the social, financial 
and environmental costs. 
In order to reduce the costs and the inherent risk that sea level rise poses to South Dunedin, a 
thorough risk treatment plan needs to be developed (objective 4). This research has shown 
that the risk to South Dunedin is real and significant; therefore, treatment needs to occur. A 
range of treatment options are available including coastal defence techniques, accommodation 
or a managed retreat. Although this work identifies some potential risk treatment options, the 
examples discussed within Chapter 7 were not intended to be comprehensive, but rather to act 
as an initial starting point for any further work to be carried out relating to proactive responses 
to sea level rise in South Dunedin. Sea level is expected to continue to rise for at least another 
century, and with greenhouse gas emissions still rising, sea level is likely to continue to rise 
beyond 2090. Accommodation and protection measures to treat risk will gradually become 
less effective and maintenance costs will begin to exceed the cost of the land or assets that the 
structures are protecting. Over the long term, a managed retreat of South Dunedin provides 
the best method to adapt to sea level rise, and, if implemented early, the costs of a managed 
retreat can spread over a greater period of time. 
Sea level rise is a serious issue which needs to be addressed in a proactive way to reduce the 
risk and costs to Dunedin over the next century. To complement the study conducted in this 
present case, future research should assess the likelihood of a breach in the sand dunes along 
St Clair and St Kilda beaches. This study could also include establishing where a breach is 
most likely to occur, providing an indication of what sort of adaptation options may be 
required. Thorough and comprehensive storm surge modelling of the research area would also 
be of use, highlighting the areas that may need additional attention in the future if sea level 
rise combines with a storm surge to create an even greater elevated water level. As South 
Dunedin is particularly low lying, research into the response of the water table to climate 
change will also be important to avoid the area from being inundated from beneath the 
surface. Additionally, within the greater Dunedin City are a number of equally low lying areas 
such as Tomahawk, Waitati, Karitane and Aramoana to mention a few. Work should also 
begin in these areas, identifying the level of risk that sea level rise poses for them and 










Chapter 8: Conclusion 
To ensure the future viability of South Dunedin an anticipatory adaptation approach will need 
to be taken. Like other low lying coastal communities around the world, without some sort of 
organised and structured intervention, an increase in sea level will affect the ability of the 
South Dunedin and the greater Dunedin City to function. Evaluating now how at risk low 
lying coastal communities are, and, where necessary, establishing a sea level rise strategy to 
reduce that risk, will reduce the social, financial and environmental costs to the city. In light 
of the information provided within this research, the following recommendations are made. 
Recommendation 1: Provide the public with educational information regarding sea level 
rise and climate change . 
It may take several generations before the concept of sea level rise becomes widely 
recognised and response options such as a managed retreat accepted. Educating the public 
now to understand these concepts will help people understand the consequences of their 
actions in the future and also understand the reasoning behind some of the council's actions 
when addressing sea level rise. Information could include creating brochures, holding 
seminars, creating web pages and including articles in the newspaper and 'City Talk' 
magazine. 
Recommendation 2: Conduct further research into the factors that will intensify the 
impact of sea level rise. 
Sea level rise will not occur in isolation from other events. Storm surges and the potential 
effect of a rising water table may further increase the intensity of the hazard of sea level rise 
in the future. As this research did not include these factors, further research into the likelihood 
of a breach of the St Clair/ St Kilda sand dunes, the effect of the storms surges on flooding 
and the likelihood of a rising water table inundating the area should be conducted to develop a 
complete understanding of the potential compounding effects of sea level rise. 
Recommendation 3: Develop a sea level rise adaptation strategy for South Dunedin. 
There is a significant number of people and a significant amount of assets and infrastructure 
within South Dunedin that are at risk to the effects of sea level rise. In order to reduce this risk 


















Chapter 8: Conclusion 
This strategy should identify who will be responsible for each step of the process, the Otago 
Regional Council or the Dunedin City Council and who will be the overall overseer of the 
complete process. This may also need to identify other groups who may need to be involved 
and given specific responsibilities, such as community groups and government departments 
and entities. The strategy will also need to incorporate potential sources.of funding and how 
any funding may be allocated. 
Recommendation 4: Identify other at risk areas within Dunedin. 
South Dunedin is not the only low lying area within the greater Dunedin City. Identification 
of other at risk areas needs to be completed and the level of risk assessed. Where necessary, at 
risk areas should be prioritised and adaptation strategies developed. 
Recommendation 5: Revise the local planning documents following the creation of an 
adaptation strategy. 
To increase the strength of any sea level rise adaptation strategy, following its creation, all 
local planning documents should be revised to incorporate the aims and objectives of the 
strategy into the daily planning and decision making process. Documents include the Otago 
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Appendix A: Lifeline Infrastructure used within the Risk 
Assessment 
All of the following are contained within the attached CD: 
Figure Al: Stormwater pipes within the Research Boundary. 
Figure A2: Storm water nodes within the Research Boundary. 
Figure A3: Wastewater (foul) pipes within the Research Area. 
Figure A4: Wastewater (foul) nodes within the Research Area. 
Figure AS: Water pipes (drinking water) within the Research Boundary. 
Figure A6: Water nodes (drinking water) within the Research Boundary. 
Figure A7: Transportation Links within the Research Boundary . 
Appendix B: Sum of Lifeline Infrastructure within each 50m by 
50m Grid 
All of the following are contained within the attached CD: 
Figure AS: Total sum of Lifeline Nodes. 
Figure A9: Total sum of Lifeline Lengths. 
Appendix C: Elevation Data 
All of the following are contained within the attached CD: 
Figure AlO: Elevation data used to create the digital elevation model of South Dunedin. The 

























Appendix D: Coastal Inundation for each of the Sea Level Rise 
Estimates 
All of the following are contained within the attached CD: 
Figure Al 1: Extent of coastal inundation for as 0.20m rise in sea level by 2050. 
Figure A12: Extent of coastal inundation for a 0.25m rise in sea level by 2050. 
Figure A13: Extent of coastal inundation for a 0.36m rise in sea level by 2050. 
Figure A14: Extent of coastal inundation for a 0.50m rise in sea level by 2090 . 
Figure A15: Extent of coastal inundation for a 0.59m rise in sea level by 2090. 
Figure A16: Extent of coastal inundation for a 0.8m rise in sea level by 2090. 
Figure Al 7: Extent of coastal inundation for a 1.25m rise in sea level by 2090 . 
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